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SUMMARY 
Food-borne diseases are recognized as one of the most serious public health concerns 
today. With travel and trade increasing over the years, the risk of dissemination of 
pathogens grows continuously. Microbiological quality control programmes are 
increasingly applied throughout food production in order to minimize the risk of 
infection for the consumer. Thus, the availability of reliable, rapid and specific test 
systems to detect the presence or absence, or even the degree of contamination of 
pathogens, becomes increasingly important for the agricultural and food industry. 
Such systems would also find a place within the framework of legislative control 
measures. 
Traditional and standardized analysis of food for the presence of bacteria relies on the 
enrichment and isolation of presumptive colonies on solid media, using approved 
diagnostic artificial media. This is usually followed by biochemical and/or serological 
identification. Traditional methods of detection, though reliable and efficient, require 
several days to weeks before results are obtained. Furthermore, phenotypic properties 
by which the bacteria are identified may not be always expressed; and when 
expressed, they may be difficult to interpret and classify. Another disadvantage of 
traditional methods is that cells, which are viable but otherwise non-culturable, cannot 
be detected, e.g. some stressed Campylobacter spp. 
Advances in molecular biology technology, particularly the Polymerase Chain 
Reaction (PGR), have allowed for more reliable microbial identification and 
surveillance. PGR has also become a valuable tool for investigating food-borne 
outbreaks and identifying the responsible etiological agents. PGR techniques have 
provided increased sensitivity, allowed for more rapid processing times and enhanced 
the likelihood of detecting bacterial pathogens, in addition to analysis of foods, PGR 
has also been successfully applied to the detection and identification of pathogenic 
organisms in clinical and environmental samples. 
In this study, efforts were made to evaluate different genetic markers to develop PGR-
based assay systems for the detection of certain important food-borne pathogens, with 
the goal to develop ready-to-use kits for their detection in foods. Further, multiplex 
PGR assays were developed for the detection of more than one organism or 
differentiation between toxinogenic and non-toxinogenic strains of the same organism 
simultaneously. Following is the summary of the work accomplished. 
Detection oi Salmonella 
In this study, Salmonella enterotoxin {stn) and jlgB and C genes of Salmonella were 
targeted for the PCR-based detection. Salmonella enterotoxin gene {stn) was 
sequenced from Salmonella typhimurium, S. typhi, S. paratyphi A and S. paratyphi B. 
The sequences from all the four serotypes showed complete homology with the 
already reported stn gene sequence of the S. typhimurium. As a tool for detection of 
this organism, four pairs of oligonucleotide primers were designed to amplify 
different fragments of this important pathological marker and one set to amplify a 
common fragment of flgB and C genes. The protocols were standardized with 
serotype S. typhimurium in such a way so as to complete the PCR reaction in 75-90 
min. These primers were found to generate specific amplicons with all the serotypes 
of Salmonella tested. The PCR protocols were found to be highly specific as no 
amplifications, specific or non-specific, were found when reactions were run using 
non-Salmonella DNA as template. The protocol described herein is highly sensitive as 
it detects less than 10 cells of Salmonella in 250 nl of blood and approx. 1 cell in I ml 
of distilled water without any enrichment prior to the PCR. A nested PCR was 
employed to obtain comparable sensitivity of the assay in natural water samples. 
When templates prepared from enriched milk samples were subjected to PCR, several 
samples generated specific amplicons with primers targeting the jlgB and C genes, 
whereas only a few gave a positive reaction with the primers based on the stn gene. 
Characteristic Salmonella spp. that gave positive signals with primers based on JlgB 
and C but were devoid of stn gene were thus isolated from the milk samples and 
identified by 16 S rDNA sequence analysis. The isolates were found to be species of 
the genus Salmonella. This study indicates that some isolates of Salmonella are 
devoid of stn gene, therefore it can be used as a molecular marker for the detection of 
enterotoxinogenic Salmonella spp. only. However, the presence of stn in an isolate of 
Salmonella is of substantial importance as this gene plays an important role in the 
pathogenicity of this organism. 
In view of the above, a multiplex PCR reaction was developed to differentiate 
between enterotoxinogenic and non-enterotoxinogenic strains of Salmonella, where 
the primer pair designed to amplify a fragment of 1318 bp of stn was used along with 
the primers that amplify a 752 bp fragment of flgB and C genes. This multiplex PCR 
was found to be specific when subjected to inclusivity and exclusivity tests using a 
panel of Salmonella and non-Salmonella strains. The sensitivity was approx. 1 cell per 
20-nl PCR assay. This detection system was applied to blood samples of suspected 
patients of typhoid and Salmonella was detected in only one sample. All these 
samples, however, were culture negative. 
Detection oi Escherichia coli and Shigella 
The common detection of E. coli and Shigella based on the amplification of a 
fragment of uid gene is one of the foremost events of PCR-based diagnosis of human 
pathogens. Shigella and E. coli show a high degree of genetic similarity and most of 
the sets of primers designed for the detection of one organism generate specific 
products with the DNA of the other also. Thus, primers reported on the uid, that codes 
for P-glucuronidase have been found to generate specific products with both E. coli 
and Shigella DNA. 
In order to differentiate between these two organisms and detect their verotoxinogenic 
strains, a multiplex PCR was developed based on the oligonucleotide primers 
designed on the nucleotide sequences of the genes uidA (common for both E. coli and 
Shigella spp.), ipaH (specific for Shigella spp.) and verotoxin coding gene of E. coli. 
The latter was found to be specific for Shigella dysenteriae and pathogenic strains of 
£. coli such as E. coli 0157:H7. These PCR reactions were standardized separately 
and were found to have no tendency to amplify DNA from other species of bacteria. 
A multiplex 'PCR developed by combining all the three reactions was found to 
generate specific products, whereas the primer pairs did not interfere with one 
another. This mPCR assay was further subjected to specificity tests and DNA samples 
from a panel of non-specific bacteria were used in exclusivity testing and found to be 
specific for the targeted pathogens. 
in this mPCR, the interpretation of results was done on the basis of panern of the 
amplicons generated; the amplifications of 884 and 293 bp indicates the presence of 
Shigella spp., an amplification of 293 bp alone indicates the presence of E. coli and 
the further presence of a 196 bp amplicon indicates the verotoxinogenic nature of the 
strain. Specific patterns of bands were obtained when different strains of E. coli and 
Shigella spp. were subjected to this mPCR assay. The amplification of 196 bp from 
the verotoxin gene was obtained in case of Shigella dysenteriae and E. coli 0157: H7. 
While S. flexneri and S. sonnei generated specific products of ipaH and uidA genes 
when subjected to this mPCR reaction, no amplicon of the verotoxin gene was 
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obtained. The PCR assays, individually, as well as in the mPCR assa\ cculd detect 
about 1 cells per 20-^1 PCR reaction. 
Detection of Staphylococcus aureus 
Two pairs of oligonucleotide primers were designed On the basis of the nucleotide 
sequence o f f m h gene, and one pair each for the amplification of fragments of femA, 
catalase and coagulase genes of S. aureus. Two more pairs of primers were designed 
to amplify fragments of S. aureus enterotoxin I {sei) gene. All the primer pairs were 
found to generate expected specific amplification products when PCR reactions were 
run with the genomic DNA or cell lysate of S. aureus. However, not all the strains of 
S. aureus gave positive results when subjected to PCR with primers based on the 
coagulase and sei genes. The PCR assays thus developed were found to be specific for 
S. aureus as no amplifications were generated when DNA from other species of 
Staphylococcxis and a panel of other Gram-positive and Gram-negative bacteria were 
subjected to these assays. Interestingly, a non-specific amplification of 600 bp was 
generated from the DNA of a Gram-negative bacterium with one set of the primers 
targeting the fmh gene. However, no amplification was found when the same DNA 
was used as template in the PCR reactions with the other primer pairs. This organism 
was subsequently identified by 16 S rDNA sequence analysis as Acinetobacter 
baumannii. The 600 bp amplicon thus obtained was sequenced and found to be the 
gene coding for y9-subunit of DNA gyrase. Thus, one of the primer pairs based on the 
fmh gene was found more specific than the other. Multiplex PCR (mPCR) reactions 
were developed by combining either of these primer pairs based on sei gene with the 
one designed for fmhA. The primers did not interfere with each other and generated 
both the amplicons in a single reaction, thus detecting S. aureus and differentiating 
between ^e/'-positive and 5e;-negative strains. The mPCR thus developed when 
applied to DNA samples from non- Staphylococcus aureus strains did not produce 
any amplicons. 
Both the simple and multiplex PCR reactions were found to detect 10^  cells of S. 
aureus in a 20 fil PCR reaction. 
Detection ot Aspergillus flavus and A. parasiticus 
A. flavus and A. parasiticus are the two most important fungal species that produce 
anatoxins and are responsible for a significant economic loss by contaminating food 
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commodities such as fruits and nuts. These species of Aspergillus are widely 
distributed and frequently isolated from fruits, nuts, cereals and milk. 
For the detection of A. flaws, four pairs of primers designed for the amplification of 
different fragments of AfU gene, were used. These oligonucleotide primers generated 
specific amplicons when DNA samples from A. flavus strains were used as template. 
However, the primers also generated specific PCR products with the strains of A. 
parasiticus. When primers based on the same gene of A. parasiticus were used, 
specific amplifications were obtained with both the species. All these sets of primers 
were found specific for these two species, as no amplifications were generated upon 
subjecting DNA samples from other Aspergillus spp. or other genera of moulds to 
PCR. The PCR reactions were sensitive enough to detect 1 fg genomic DNA. 
To simplify the protocol, a short method of template preparation, the Prepman 
method, was applied for PCR, where a small loop of mycelial growth of the fungus 
was suspended in the Prepman solution and lysates were prepared by the thermal 
shock procedure. 
Confirmation of the targets 
In order to confirm that the right targets were amplified, the PCR products obtained 
were sequenced. The DNA sequences thus obtained were found to be the specific 
gene fragments that were targeted. Further, restriction digestion of these amplified 
gene fragments gave the specific digestion patterns that were in agreement with the 
restriction map of their parent nucleotide sequences. 
Validation of the methods 
In order to validate the methods developed during this study, 80 coded samples of 
11% skimmed milk spiked with different pathogens were prepared by NICED, 
Kolkata and transported to RRL, Jammu at 4°C. The samples were analyzed for the 
presence of the pathogens by the protocols developed in this study. 9 samples were 
found positive for Salmonella, all being enterotoxinogenic strains. 18 samples were 
found positive for verotoxinogenic E. coli, 2 samples for non-verotoxinogenic 
Shigella, 2 for Staphylococcus aureus and 6 for Aspergillus flavus. None of samples 
generated any non-specific amplified bands when PCR assays were performed on 
extracted DNA templates. Further, our kits were also sent to NICED, Kolkata and 
AHMS, New Delhi for further validation at their centres. The data were presented by 
all the centres in the Task Force Meeting of Department of Biotechnology, Govt, of 
India, New Delhi, and the protocols thus developed were found to detect the 
pathogens correctly, and it was proposed that the procedures developed during this 
study shall be further modified for the development of ready-to-use kits for the 
routine detection of pathogens in food and clinical samples. 
Microbiological analysis of Walnut kernels and apple juice concentrate 
50 samples of walnut kernels and 30 samples of apple juice concentrate each were 
analyzed for microbiological characteristics. 2%, 68% and 30% of the samples of 
walnut kernels were respectively found satisfactory, acceptable and unsatisfactor>' on 
the basis of their Total Aerobic Heterotrophs (TAH). Only 15% of the samples of 
pasteurized apple juice concentrate were found to possess the desired TAH of less 
than 100 c.f.u ml"'. The predominant contaminants of walnut kernels were found to be 
the species of Bacillus, Klebsiella, Enterobacter and Staphylococcus. Samples of 
apple juice concentrate were predominantly found contaminated with species of 
Bacillus, Staphylococcus and Micrococcus. However, Bacillus cereus, Salmonella 
and E. coli were also isolated from some of the samples of walnut kernels. B. cereus 
was also obtained from some of the samples of pasteurized apple juice concentrate in 
high numbers. Among the moulds Penicillium, Aspergillus, Cladosporium, Rhizopus 
and Mucor were isolated from these products. 
Detection of pathogens in naturally contaminated foods 
In order to assess these procedures for routine quality control and examination of 
various naturally contaminated foods, samples of walnut kernels, apple juice 
concentrate and raw milk were tested for the presence of these pathogens. The 
pathogens could be effectively detected after a common enrichment step of 8-10 h. In 
a total of 100 samples of walnut kernels, only a single sample was found positive for 
Salmonella, three for E. coli, twenty-three for Aspergillus flavus/A. parasiticus and 
none for Shigella and Staphylococcus aureus. Three samples were found positive for 
Bacillus cereus with primers already reported. 
A total number of 60 samples of apple juice concentrate were subjected to PCR-based 
detection of pathogens, where none of the samples was positive for Salmonella, E. 
coli, and Shigella. However, four samples were positive for S. aureus, five for A. 
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flavus/A. parasiticus and tA\'o samples were found positive for B. cereus with primers 
already reported. 
In a total of 50 raw milk samples, Salmonella spp. were detected in 30 samples 
wherein only 6 were enterotoxinogenic, E. coli in 48 "samples, whereas 30 samples 
were positive for verotoxinogenic E. coli. 3 samples were also found positive for S. 
aureus and none for Aspergillus flavus/A. parasiticus. 
Other multiplex PCR reactions 
To further decrease the time of analysis and tlie cost of the assay, multiplex PCR 
reactions were developed in which primers were used for the common detection of E. 
coli and Shigella {uidA) and Salmonella (flgB & Q . Another multiplex assay was 
developed for the detection of S. aureus {fmhA), E. coli and Shigella. This indicates 
the future prospects of these methods for the detection of a desired panel of pathogens 
in food, clinical or environmental settings. 
The PCR-based methods developed in this study provide sensitive and rapid methods 
for the detection of food-borne pathogens, and in many cases important genetic 
information like toxinogenic nature can be investigated. Kits made by mixing all the 
PCR reagents except DNA in definite proportions gave satisfactory results at 
laboratory level and efforts are being made to package the technology for industrial 
use. In addition to food and food products such kits may be of immense use in clinical 
diagnosis and environmental monitoring. 
Vll 
DEVELOPMENT OF PCR-BASED 
METHODS FOR THE DETECTION OF SELECTED 
FOOD-BORNE PATHOGENS 
THESIS 
SUBMITTED FOR THE DEGREE OF 
IN 
AGRICULTURAL 
MICROBIOLOGY 
TO 
DEPARTMENT OF MICROBIOLOGY 
FACULTY OF AGRICULTURAL SCIENCES 
ALIGARH MUSLIM UNIVERSnY, ALIGARH (U.P.), INDIA 
By 
SYED RIYAZ-UL-HASSAN 
DIVISION OF BIOTECHNOLOGY, REGIONAL RESEARCH LABORATORY 
(CSIR), CANAL ROAD, JAMMU 180001 
2004 
T6092 
CERTIFICATE 
This is lo certify that the research work embodied in this thesis entitled 
"Development of PCR-based methods for the detection of selected food-borne 
pathogens" submitted to Aligarh Muslim University, Aligarh for the degree of 
Doctor of Philosophy in Ag. Microbiology has been carried out by Mr. Syed Riyaz-
Ul-Hassan under our joint supervision. This is a bonafide work and has not been 
submitted in part or full to this or any other University/Institute. The thesis is suitable 
to be considered for the award of the degree of Doctor of Philosophy. 
(DrTG. N. Qazi) 
Director 
Regional Research Laboratory (CSIR) 
Canal Road 
Jammu-180001 
Supei^isor: 
(Dr.'Abd^il Malik) 
Senior Lecturer 
Department of Microbiology 
Faculty of Agricultural Sciences 
Aligarh Muslim University 
Aligarh-202002 
DECLARATION 
I hereby declare that the work embodied in this thesis entitled "Development of 
PCR-based methods for the detection of selected food-borne pathogens" has been 
carried out by me at the Department of Biotechnology, Regional Research Laboratory 
(CSIR), Jammu. 
(Syed Riyaz-Ul-Hassan) 
dedicated 
to 
my parents 
ACKNOWLEDGEMENTS 
Praise be to Almighty Allah for all his blessings that He bestowed upon the mankind. 
Nature is so full of wonderful things and phenomena each advocating His greatness. 
And who else than a researcher can better appreciate the art of the Creator. So it is 
my foremost duty to praise my Lord at the end of this task. 
I wish to express my deep sense of appreciation and gratitude to my supervisor, Dr. 
Abdul Malik for his versatile guidance, constant encouragement and constructive 
criticism during the course of this research work. I sincerely acknowledge his 
cooperation throughout this study. 
It is my privilege to work under the dynamic leadership and guidance of Dr. G. N. 
Qazi, Director, Regional Research Laboratory (CSIR), Jammu. His indepth 
knowledge of the subject, his attitude towards his work and his innovative approach 
makes him a wonderful guide to work with. This thesis is a result of his unending 
quest for quality research and I am highly grateful to him for his keen interest in this 
work, invaluable guidance and the confidence that he has shown in me. 
1 am grateful to Dr. V. Verma, Head of the Molecular Biology and Genetic 
Engineering section for his generous help, able guidance and painstaking efforts. His 
attitude towards his students is appreciable and I am thankful to him for his 
cooperation and encouragement. 
I would be failing in my duties if I forget to acknowledge the generous help, 
cooperation and guidance of Prof. Javed Musarrat, Chairman, Department of 
Microbiology, Faculty of Agricultural Sciences, A.M.U. Aligarh. I am thankful to him 
for his encouragement and moral support. 
My teachers. Dr. Iqbal Ahmad and Dr. Md. Saghir Khan also deserve my appreciation 
and gratitude for their generous help, support and guidance. I also take this 
opportunity to thank Dr. (Mrs.) Johri, Dr. Inshad Khan, Dr. Rekha Sapru, Dr. Farrah 
Khan. Dr. Jiterndcr Kumar and Mr. Rajinder Kumar for guiding me in various 
techniques and for their help and suggestions. I owe a lot to my seniors. Dr. Parvaiz 
and Miss Qurrat for introducing me to various techniques of Molecular Biology and 
helping me in shaping my work and in overcoming the hurdles that were frequently 
encountered. I am especially thankful to the latter for her fruitful suggestions and 
generous help during the preparation of this thesis. 
Several visiting scientists from leading institutes of the country and abroad offered me 
invaluable suggestions during the course of this study which helped me in shaping 
this research, for which I am very thankful to them. 
I earnestly thank Dr. Rama Chowdhary (AIIMS, New Delhi), Dr. (Mrs.) Gupta 
(ASCOMS, Jammu) and several other scientists for providing me cultures of various 
pathogens. My heartfelt thanks are also due to Dr. Rama Murthy (NICED, Kolkata) 
for playing a vital role in the validation of the assay systems developed in this study. 
My colleagues Nyla, Mudassir, Masood, Puneet, Khursheed, Shafaq, Ruchika and 
Manoj deserve sincere thanks for their help and cooperation. I am also thankful to Mr. 
Vishai Mengi, Mr. Amit Nargotra and Mr. Tinku for helping me with various 
softwares and problems pertaining to Bioinformatics. Thanks are also due to Mr. 
Ashok Mehra, Mr. Fazal-ur-Rehman, Ms. Shaba, Ms. Rita and Mr. Darshan for their 
help. I sincerely acknowledge the kind help of Mr. Farrukh Aqeel for his kind help 
and making my stay comfortable at Aligarh. 
Whatever good I have achieved in my life is a result of immense sacrifices by my 
parents. Their prayers, love and support are a treasure that I always cherish. I pay my 
reverence to them for being always with me and showering on me their unconditional 
love. My brothers. Mamaji and sisters deserve my special appreciation for taking care 
of so many important issues at home without even giving me a hint about the 
difficulties that they faced. The support given by my friends during the whole period 
of this study is also worth appreciation. 
Last but not the least I am thankful to Department of Biotechnology and the Council 
of Scientific and Industrial Research for the award of Junior and Senior Research 
Fellowships, respectively. 
(Syed Riyaz-ll|-Hassan) 
CONTENTS 
Page No. 
Abbreviations 
Introduction 1-4 
Review of Literature 5-51 
Materials and Metliods 52-74 
Tables 70-74 
Results 75-141 
Tables 86-97 
DNA Sequences 98-104 
Figures 105-141 
Discussion 142-156 
Bibliography 157-188 
Summary i-vii 
Annexure viii-
ABBREVIATIONS 
a 
P 
^ 
A 
AIIMS 
approx. 
ASCOMS 
ATCC 
BIK 
BLAST 
bp 
c.f.u 
CFTRI 
CTAB 
DNA 
dNTP 
EDTA 
fg 
g 
g-' 
h 
ITRC 
K 
kb 
kDa 
1 
r ' 
M 
Alpha 
Beta 
Micro 
Absorbance 
All India Institute of Medical Sciences, New Delhi, India 
Approximately 
Acharia Srichandra College of Medicine and Surgery, Sidhra, Jammu 
American Type Culture Collection 
Bose Institute, Kolkata, India 
Basic Local Alignment Search Tool 
Base pairs 
Colony forming units 
Central Food Toxicology Research Institute, Mysore, India 
Cetyl trimethyl ammonium bromide 
Deoxyribose nucleic acid 
Deoxynucleotide triphosphate 
Ethylene diamine tetra acetate 
Femtograms 
Grams 
Per gram 
Hours 
Industrial Toxicology Research Centre, Lucknow, India 
Kilo 
Kilobases 
Kilo daltons 
Litre 
Per litre 
Molar 
mA 
mg"' 
min 
ml-' 
mol 
MTCC 
n 
ng 
NICED 
P 
PGR 
pmol 
rDNA 
RRmix 
SDS 
sec 
Seq. 
Tag polymerase 
Tm 
U 
UV 
V 
v/v 
w/v 
Milli ampere 
Per milligram 
Minutes 
Per millilitre 
Moles 
Microbial Type Culture Collection, IMTECH, Chandigarh 
Nano 
Nanograms 
National Institute of Cholera and Enteric Diseases, Kolkata, India 
Degrees Celsius 
Pico 
Polymerase Chain Reaction 
Pico moles 
DNA coding for rRNA 
Ready Reaction Mix 
Sodium dodecyl sulphate 
Seconds 
Sequence 
Thermus aquaticus DNA polymerase 
Melting temperature 
Units 
Ultraviolet 
Volts 
Volume/volume 
Weight/volume 
INTRODUCTION 
Bacterial food-borne pathogens are an important food safety issue worldwide. Food-
borne illnesses caused by pathogenic bacteria still occur at unacceptably high 
frequencies in industrialized nations and developing countries. A report from the 
Centers of Disease Control and Prevention presented estimates and causes of food-
borne outbreaks for known illnesses in the United States from 1983 to 1992 and for 
passive and active surveillance for 1992 to 1997, respectively (Mead et al., 1999). 
The estimates ranged from 6 to 81 million cases of food-borne illnesses per year. 
Although food safety initiatives have been introduced to reduce contamination by 
food handlers and to improve sanitary conditions at the sites where foods are grown, 
harvested and processed, food-borne illnesses attributed to these potential sources of 
contamination continue. This is illustrated by periodic reports of major outbreaks, 
such as those linked to contaminated sprouts in which Salmonella or Escherichia coli 
0157: H7 was identified as the causative pathogen (Taormina et al., 1999). Increased 
public awareness related to health and economic impact of food-borne contamination 
and illness has resulted in greater efforts to develop more sensitive methods of 
pathogen detection and identification. Rapid and accurate identification of bacterial 
pathogens isolated from food samples is important both for food quality assurance and 
for the tracing of outbreaks of microbial pathogens within the food supply. 
For about 100 years, microbial detection, identification and characterization have 
relied on the ability to cultivate, purify and characterize the organisms by 
morphological, biochemical and immunological characteristics; a particular pattern of 
which may define a specific group or an individual species. The macroscopic or 
macromolecular features are collectively known as phenotypes. Although 
conventional methods of microbial identification are reliable, there are many 
shortcomings associated. These methods are usually time-consuming and 
cumbersome. Some phenotypes displayed b> a single organism may vary as a 
function of the particular growth conditions used in the laboratory. For example, 
cellular fatty acid content is a growth dependent and thus variable phcnoi>pc. Further, 
a single phenotype may be generated by anv of a number of highl\ variable gene 
products and combinations thereof. Thus, two geneticall) distinct organisms ma\ 
display indistinguishable phenotypes and therefore appear to be identical (Relman and 
Persing, 1996; Martin de Nicolas e/a/., 1995; Olsen er a/., 1995; Scheu e/o/., 1998). 
Microbial genomes are being sequenced at a staggering rate. Approximately 10% of 
the genes of a species in a genus are unique to each organism, and we are now 
beginning to appreciate the genetic diversity among bacterial strains (Versalovic and 
Lupski, 2002). This forms the basis for genotypic identification of microorganisms 
including bacterial and fungal pathogens. Advances in molecular biology technology, 
particularly the Polymerase Chain Reaction (PCR), have allowed for more reliable 
microbial identification and surveillance. Genotypic methods, like PCR, have also 
become a valuable tool for investigating food-borne outbreaks and identifying the 
responsible etiological agents. PCR techniques have provided increased sensitivity, 
allowed for more rapid processing times, and enhanced the likelihood of detecting 
bacterial pathogens. In addition to the analysis of foods, PCR has also been 
successfully applied to detection and identification of pathogenic organisms in clinical 
and environmental samples (White et al, 1992; Simon, 1999; Olsen, 2000). 
Genotypic identification methods are based on the characteristics of genetic 
information contained within a pathogen (Relman et al, 1992; Olsen et al, 1995; 
Tang et al, 1997; Scheu et al, 1998). These methods offer a number of potential 
advantages over more traditional methods: (i) Genotypes comprise a far greater 
number of readily defined objectives, and quantifiable data points than do phenotypes. 
For example, a commonly used biochemical test strip for corynebacteria contains 19 
substrates (i.e., data points), whereas a small subunit rRNA sequence may contain 
several hundred phylogenetically informative positions for corynebacterial 
identification, (ii) Determination of a bacterial genotype does not require growth of a 
bacterium in the laboratory. Several molecular approaches allow detection or 
characterization of bacterial genetic sequences directly from test samples, as well as 
from extremely small amounts of cultivated bacterial cells. These approaches have 
made possible the Identification of bacterial pathogens that are presently impossible to 
cultivate or propagate in the laboratory, (iii) Not only arc genotypic identification 
methods potentially more precise than those based on phenotypes, but also they are 
potentially more rapid. 
Conventional testing that Is technically straightforward, informative and timely will 
always remain as a dependable part of diagnostic microbiology; however considerable 
room for Improvement exists with organisms for which laboratorj methods arc 
limited and not straightforward. Nucleic acid based methodologies have very 
effectively been introduced for accurate and quick identification of food-borne 
pathogens. However, new tests tend to supplement the existing tests. The emerging 
exception to this is PCR and probe technology. The speed, specificity and sensitivity 
of PCR, along with the ease with which it can be carried out and its versatility make it 
ideally suited for application to many problems in biology (Aruheim and Eriich, 
1992). PCR permits the rapid amplification of specific DNA sequences by a factor of 
up to 10^ (Border et al, 1990). PCR-based methods have been described for the 
detection of pathogens in food, environmental and clinical samples (Relman et al, 
1992; Tang et al., 1997; Scheu et al, 1998; Olsen, 2000). 
Foods contaminated with pathogens may not always cause illnesses but there is good 
microbiological and epidemiological evidence that small numbers of pathogens in 
foods have caused illness (HCAC, 1997). There is no justification for processed 
ready-to-eat foods to be contaminated with pathogenic organisms, and their presence 
even in small numbers renders these foods unacceptable/potentially hazardous (PHLS, 
2000). Owing to the poor hygienic conditions prevalent in India, food-borne illnesses 
are common, though their incidence and economic consequences are not well 
documented. Further, India has a great potential for export of food products including 
fruits and nuts, but the presence of high microbial load in these products frequently 
renders them unfit for human consumption and therefore unacceptable to the quality 
conscious markets. Such incidents are responsible for a great economic loss in the 
food industry. 
In view of the above, research was undertaken to target various genetic markers by 
PCR for the assessment of their distribution in the relevant pathogens, and 
subsequently develop rapid, sensitive, reliable and patentable PCR-based methods for 
the detection of several food-borne pathogens of importance that could be used for 
routine testing of food and food products for quality control and assessment. The 
objectives of this study were as follows: 
• Designing of several oligonucleotide primers targeting various genetic 
markers for the detection of Salmonella, Escherichia coli, Shigella, 
Staphylococcus aureus and aflatoxin producing fungi like, Aspergillus flavus 
and A. parasiticus by PCR 
• Standardization and evaluation of the PCR assays and selection of the most 
relevant primers for the detection of each pathogen 
• Development of multiplex PCR assays for the simultaneous detection of more 
than one pathogen or differentiation between toxinogenic and non-toxinogenic 
strains of a pathogen 
Validation of these methods using coded samples of artificially contaminated 
food samples 
Employment of these assay systems to samples of food, particularly those with 
export potential like apple juice concentrate and walnut kernels, and 
evaluation of the microbiological quality of the same 
REVIEW OF LITERATURE 
The development of quick and accurate procedures for detecting and characterizing 
microorganisms is needed in many areas of research and areas in which biological 
safety is a major issue. Along with medical microbiology and hygiene control in the 
hospital, microbiological quality control is increasingly being applied in the food 
industry. The identification and differentiation of microorganisms has principally 
relied on microbial morphology and growth variables. These criteria may be 
influenced by environmental as well as genetic factors and may, therefore, vary with 
changes in environmental conditions (Scheu et ai, 1998). The capability to isolate 
and cultivate bacterial pathogens on artificial medium was one of the greatest 
diagnostic discoveries in the history of microbiology and still remains the backbone of 
microbiological diagnostics. However, conventional methods of microbial 
identification have many drawbacks, for example, growth of bacteria is time 
consuming and there is frequently the necessity to isolate the organisms in pure 
culture often from a polymicrobial flora. Another difficulty presented is that 
conventional tests may be incapable to distinguish pathogenic and non-pathogenic 
bacteria within one species, for example, the various categories of diarrhoeagenic E. 
coli. Other organisms have special growth requirements, and cell culture techniques 
are needed to cultivate them (Karch et ai, 1995). In addition, some pathogens cannot 
be cultured on artificial media but have been successfully detected using molecular 
genetic techniques, e.g., Tropheryma whippelii (Relman el ai, 1992) or Ehrlichia 
chafeensis (Anderson el al., 1992). Over the past century, microbiologists have 
searched for more rapid and efficient means of microbial identification. Advances in 
molecular biology over the past 25 years have opened new avenues for microbial 
identification and characterization (Mullis and Faloona, 1987; Mullis, 1990; Persing, 
1991), such that microbial identification has become possible without growing the 
microorganisms (Cormican et ai, 1995; Ramesh et al, 2002). In this respect, 
molecular methods have surpassed traditional methods of detection for many 
fastidious organisms. The polymerase chain reaction (PGR) and other recently 
developed amplification techniques have simplified and accelerated the in vitro 
process of nucleic acid amplification. The amplified products, known as amplicons, 
may be characterized by various methods, including agarose gel electrophoresis, 
nucleic acid probe hybridization, analysis of fragments after restriction endonuclease 
digestion, or direct sequence analysis. Rapid techniques of nucleic acid amplification 
and characterization have significantly broadened the microbiologists' diagnostic 
arsenal (Tang et al. 1997; Scheu et ai, 1998). 
CONVENTIONAL MICROBIAL IDENTIFICATION 
Biotyping 
Traditional microbial identification methods typically rely on phenotypic 
characteristics such as morphological features, growth variables, and biochemical 
utilization of organic substrates. The biological profile of an organism is termed a 
biogram. The determination of relatedness of different organisms on the basis of their 
biograms is termed biotyping. Investigators must determine which profile variables 
have the greatest differentiating capabilities for a given organism (Kilian el ai, 1979; 
Maslow ei al., 1993). For example, gram stain characteristics, indole positivity, and 
the ability to grow on MacConkey medium do not aid in the differentiation of non-
enterohemorrhagic Escherichia coii from E. coli 0157:H7. However, sorbitol 
fermentation has proven to be an extremely useful characteristic of the biochemical 
profile used to differentiate these strains (Tang et ai, 1997). 
Biograms that are identical have been used to infer relatedness between strains in 
epidemiological investigations (Maiki et ai, 1976; Martin de Nicolas et ai, 1995). 
The biograms of organisms are not entirely stable, and several isotypes may exist 
from a single isolate (Tenover et ai, 1994). Biograms may be influenced by genetic 
regulation, technical manipulation, and the gain or loss of plasmids. In many 
instances, biotyping is used in conjunction with other methods to more accurately 
profile microorganisms (Martin de Nicolas et al., 1995). 
Antibiograms, resistogram, and bacteriocin typing 
The susceptibility or resistance of an organism to a possibly toxic agent forms the 
basis of the following t>'ping techniques. The antibiogram is the susceptibility profile 
of an organism to a variety of antimicrobial agents, whereas the resistogram is the 
susceptibility profile to dyes and heavy metals (Mayer, 1988). Bacteriocin typing is 
the susceptibility of the isolate to various bacteriocins, i.e., toxins that are produced by 
a collected set of producer strains. These three techniques arc limited by the number 
of agents tested per organism (Tang et ai, 1997). 
By far. the antibiogram is the most commonly used susceptibility/resistance typing 
technique, most probably because the data required for antibiogram analysis are 
available routinely from the antimicrobial susceptibility-testing laboratory. Although 
antibiograms have been used successfully to demonstrate relatedness, this technology 
is limited (Thurm and Gericke, 1994; Blanc et ai, 1994). Further organisms with 
similar antibiograms may be related, this is not necessarily the case. The antibiogram 
of an organism is not always constant (Tenover and McGowan, 1996). Selective 
pressure from antimicrobial therapy may alter an organism's antimicrobial 
susceptibility profile (Tenover et ai, 1995), such that related organisms show 
different resistance profiles. These alterations may result from chromosomal point 
mutations or from the gain or loss of extrachromosomal DNA such as plasmids or 
transposons (Mayer, 1988; Goswitz etal, 1992; Tenover and McGowan, 1996). 
Protein analysis 
Commercially available antibodies are routinely used to specifically identify antigenic 
proteins from a wide variety of organisms. In some instances, the test may be used 
only to identify the genus and species of an organism. Examples of this include the 
cryptococcal antigen agglutination assay and the exoantigen assay for Histoplasma 
capsiilatum. Other immunoassays are designed to subtype microbes (Ng et ai, 1995). 
Monoclonal antibodies directed against the major subtypes of the influenza virus, as 
well as the various serotypes of Salmonella, are commonly used in speciation. 
Specific antigenic proteins may be detected by antibodies directed against these 
proteins in immunoblot methods (Mulligan et ai, 1998). 
Electrophoretic typing techniques have been used to examine outer membrane 
proteins, whole-cell lysates, and particular enzymes (Thurm and Gericke, 1994). 
Several electrophoretic methods are available to examine the protein profile of an 
organism. Generally, outer membrane proteins and proteins from cell lysates are 
examined by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. This 
technique denatures the proteins and separates them on the basis of molecular mass. 
The protein profile may be used to compare strains (Bannerman et ai. 1995; Lin et 
ai. 1995). 
Non-denaturing conditions are used for the electrophoretic separation of active 
enzymes. Multilocus enzyme electrophoresis is the typing technique based on the 
electrophoretic pattern of several constitutive enzymes (Selander et ai, 1986). 
Differences in electrophoretic migration of functionally similar enzymes (e.g., lactate 
dehydrogenase isoenzymes) represent different alleles. These differences or 
similarities, especially when numerous enzymes are examined, may be used to 
exclude or infer relatedness (Thurm and Gericke, 1994; Blanc et al, 1994; Lin et al, 
1995). 
However, the results of these studies may be difficult to interpret. The absence of a 
particular protein may simply reflect down-regulation of that particular gene product, 
rather than the loss of that particular gene. Additionally, the electrophoretic migration 
of proteins is dependent on molecular mass, net protein charge, or both. Mutations 
that do not alter these characteristics will not be detected (Tang et al, 1997). 
Phage analysis 
Bacteriophages, the viruses that infect and lyse bacteria, are often specific for strains 
within a species. A collection of bacteriophages, many of which often infect similar 
bacteria, is termed a panel. When a bacterial isolate is exposed to a panel of 
bacteriophages, a profile is generated, a listing of which bacteriophages are capable of 
infecting and lysing the bacteria. The bacteriophage profile may be used to type 
bacterial strains within a given species (Bannerman et al, 1995; Pitt and Gaston, 
1995). The more closely related the bacterial strains, the greater the similarity of the 
bacteriophage profiles. Bacteriophage profiles have been used successfully to type 
various organisms associated with epidemic outbreaks (Hickman-Brenner et al, 
1991). However, this t>'ping method is labour-intensive and requires the maintenance 
of bacteriophage panels for a wide variety of bacteria. Additionally, bacteriophage 
profiles may fail to identify isolates, are often difficult to interpret, and may give poor 
reproducibility (Bannerman et al, 1995). 
Chromatographic analysis 
Chromatographic analysis of short-chain fatty acid production is a routine method 
used to aid in the identification of anaerobic bacteria. Computer-aided gas-liquid 
chromatography is commercially available and is a means of microbial identification. 
This identification system utilizes the t>'pe and amount of cellular fatty acids present 
in the lysate of an organism. Many species have unique cellular fatty acid 
chromatographic profiles (Stoakes et al, 1994). Relationships between strains of a 
particular species may be inferred from highly similar cellular fatty acid profiles 
(Pierson and Friedman, 1992). Chromatographic analysis is reliable when organisms 
are grown under identical conditions and the cellular fatty acids are extracted without 
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technical variation. These constraints, however, limit the accuracy of this technology 
with respect to strain and in some instances even species-level identification (Tang et 
ai. 1997). 
NUCLEIC ACID-BASED TYPING 
Plasmid analysis 
Plasmids are small, self-replicating circular DNA found in many bacteria. These often 
encode genes related to antibiotic resistance and certain virulence factors. In 
epidemiological studies, relatedness of isolated pathogenic bacterial strains can be 
determined from the number and size of plasmids the bacteria carry. Plasmid profile 
analysis was among the earliest nucleic acid-based techniques applied to the diagnosis 
of infectious diseases and has proven useful in numerous investigations (Wachsmuth, 
1985; Mayer, 1988; Grattard et ai, 1994; Sabria-Leal et ai, 1994; Ng et al, 1995). 
This method has also been widely utilized for tracking antimicrobial resistance during 
nosocomial outbreaks (Mayer, 1988; Morosini, 1995). In studies of the epidemiology 
of plasmids, analysis of restriction fragments has proved valuable. This technique is 
widely used to monitor the spread of resistance-encoding plasmids between organisms 
and between hospitals, communities, or even countries (Cherubin, 1981; Cohen and 
Tauxe, 1986; Sahm and O'Brien, 1994). The weakness of the analysis is inherent in 
the fact that plasmids are mobile, extrachromosomal elements, not part of the 
chromosomal genotype. Because plasmids can be spontaneously lost from or readily 
acquired by a host strain, epidemiologically related isolates can exhibit different 
plasmid profiles (Mickelsen et al., 1985). 
Restriction enzyme pattern 
Restriction endonucleases recognize specific nucleotide sequences in DNA and 
produce double-stranded cleavages that break the DNA into small fragments. The 
number and sizes of the restriction fragments, called restriction fragment length 
polymorphisms (RFLPs), generated by digesting microbial DNA are influenced b\ 
both the recognition sequence of the enzyme and the composition of the DNA. In 
conventional restriction endonuclease analysis, chromosomal or plasmid DNA is 
extracted from microbial specimens and then digested with endonucleases into small 
fragments. These fragments are then separated by size with use of agarose gel 
electrophoresis. The nucleic acid electrophoretic pattern can then be visualized by 
ethidium bromide staining and examined under UV light (Tang et al, 1997). 
Restriction endonuclease analysis has the advantage of being highly reproducible, 
very accurate in determining the relatedness of microbial strains, and well within the 
technical capabilities of experienced laboratory technologists. However, the major 
limitation of this technique, especially for chromosomal DNA, is the difficulty of 
comparing the complex profiles generated, which consist of hundreds of fragments. 
To address this problem, pulse-field gel electrophoresis (PFGE) has been developed 
(Schwartz and Cantor, 1984) to enable the separation of large DNA fragments. PFGE 
provides a chromosomal restriction profile typically composed of 5 to 20 distinct, 
well-resolved fragments ranging from -10-800 kb (Tenover et al, 1995). The relative 
simplicity of the RFLP profiles generated by PFGE facilitates application of the 
procedure in identification and epidemiological survey of bacterial pathogens (Prevost 
et al.. 1992; Van Belkum et al., 1997). 
Ribotyping 
Restriction patterns can be obtained by hybridizing Southern-transferred DNA 
fragments with labelled bacterial ribosomal operon(s), which encode for 16S and (or) 
23S rRNA. This method, called ribotyping, has been shown to have both taxonomic 
and epidemiological value (Grimont and Grimont, 1986; Altwegg and Mayer, 1989). 
All bacteria carry these operons, which are highly conserved and therefore typeable. 
Particular rRNA sequences that are species- or group-specific have been also 
exploited in construction of oligonucleotides that have been used as probes for in silu 
detection of bacteria (Tang et al., 1997). 
Ribotyping assays have been used to differentiate bacterial strains in different 
serotypes and to determine the serotypes most frequently involved in outbreaks 
(Tenover et al., 1994; Okwumabua et al., 1995). This technique is cspeciall) useful in 
epidemiological studies for organisms with multiple ribosomal operons. such as 
members of the family of Enterobacteriaceae. Ribotyping simplifies the 
microrestriction patterns by rendering visible only the DNA fragments containing part 
or all of the ribosomal genes. The technique is less helpful when the bacterial species 
under investigation contains only one or a few ribosomal operons. In these instances, 
ribotyping typically detects only one or two bands, which limits its utility for 
epidemiological studies (Arbeit et al., 1993). Most studies have indicated that PFGE is 
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superior to ribotyping for analysis of common nosocomial pathogens (Tang et al. 
1997). 
Random amplified polymorphic DNA (RAPD) 
RAPD typing, originally developed by Welsh and McClelland (1990), involves the 
use of a short (usually 10 to 15 mers), arbitrarily chosen primer to amplify nearly 
homologous sequences of the genomic DNA under low-stringency conditions. RAPD 
has been used to differentiate strains of various species, various serotypes within 
species, and various subtypes within a serotype (Mazurier et al, 1992; MacGowan et 
al, 1993; Sandery et al, 1994). For potentially dangerous drug-resistant organisms 
such as the mycobacteria, RAPD may be a better choice than PFGE because the 
technique requires fewer open manipulations and the organisms are kept viable for a 
shorter period. RAPD is probably the simplest DNA-based subtyping method to date 
if a temperature-cycling instrument is available, although the usefulness for 
epidemiological investigations remains to be determined, particularly with regard to 
reproducibility concerns (Tang et al, 1997). 
NUCLEIC ACID ANALYSIS WITHOUT AMPLIFICATION 
Nucleic acid probes 
In the 1980s, molecular probes were applied in clinical microbiology for the first 
time. Researchers were quick to appreciate the conserved nature of the ribosomal 
RNA (rRNA) operon and these sequences were used to establish the field of bacterial 
phylogenetics. Probes based on rRNA operon sequences were developed for 
molecular epidemiological strategies such as ribotyping (Grimont and Grimont, 
1986). 
Nucleic acid probes are capable of identifying organisms at, above, and below the 
species level. The quantity of target detectable by the method depends on the size and 
homology of the probe chosen and the nature of the original specimen; identification 
of organisms in pure cultures or from isolated colonies is usually easier than detection 
of organism in a direct specimen. DNA probes facilitate the identification of 
infectious agents that do not grow rapidly. Additionally, this technique allows for the 
diagnosis of infections in which the organisms are not easily cultured or cannot be 
cultured at all. Detection of DNA with direct or culture-amplified gene probe 
technology has been applied to several organisms, including bacteria (Granato and 
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Franz, 1990; Lewis et ai, 1993), viruses (Denniston el al., 1986), fungi (Hall et oL, 
1992; Huffnagle and Gander, 1993), and even certain parasites (Romero el al., 1992). 
Gen-Probe, MicroProbe, and Digene Diagnostics are currently manufacturing several 
direct detection and culture identification nucleic probes that have been cleared by the 
US Food and Drug Administration. The procedures for the use of DNA probes are 
now well standardized, and the advent of synthetic short oligonucleotide DNA probes 
has shortened the time required for probe assay. However, direct probe techniques 
appear to be of limited utility owing to poor sensitivity (Tang et al. 1997). 
Branched DNA signal amplification 
Developed and manufactured by Chiron Corp., branched DNA (bDNA) probes are an 
example of signal amplification. Multiple probes as well as multiple reporter 
molecules are used to increase the signal in proportion to amount of target in the 
reaction (Sanchez-Pescador et al., 1988; Urdea et ai, 1991). In this process, multiple 
specific synthetic oligonucleotides hybridize to the target and capture the target onto a 
solid surface. Synthetic bDNA amplifier molecules, which are enzyme-conjugated, 
branched oligonucleotide probes, are added. Hybridization proceeds between the 
amplifiers and the immobilized hybrids. After addition of a chemiluminescent 
substrate, light emission is measured and may be quantified (Sanchez-Pescador et ai, 
1988). 
In bDNA assays, all hybridization reactions occur simultaneously and the observed 
signal is proportional to the amount of target DNA. DNA quantification can thus be 
determined from a calibration curve. Because the target molecules themselves are not 
amplified during the process, this procedure is less likely to have contamination 
problems, which may be encountered with nucleic acid amplification methods. bDNA 
is also highly reproducible, and thus represents an excellent technological platform for 
monitoring therapeutic response and quantifying nucleic acids (Arens. 1993; 
D'Aquila, 1994). One of the disadvantages, however, is that the bDNA assay is 
generally less sensitive than enzymatic amplification techniques and usually can 
detect no fewer than 10^  to lO' nucleic acid targets. As with many techniques, 
moreover, test specificities decline as greater sensitivity is sought (Tang et ai, 1997). 
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NUCLEIC ACID AMPLIFICATION TECHNIQUES 
Transcription-based amplification system (TAS) 
Described by Kwoh et al. (1989), TAS includes synthesis of a DNA molecule 
complementary to the target nucleic acid (usually RNA) and in vitro transcription with 
the newly synthesized cDNA as a template. Variations on this process are referred to 
as self-sustaining sequence replication ("3SR"), nucleic acid sequence-based 
amplification ("NASBA"), or transcription-mediated amplification (TMA) (Guatelli et 
al., 1990; Compton, 1991). Three enzymes, RT, Rnase H, and T7 DNA-dependent 
RNA polymerase are used in the reaction. Amplification steps involve the formation 
of cDNAs from the target RNA by using primers containing a RNA polymerase-
binding site. The RNase H then degrades the initial strand of target RNA in the RNA-
DNA hybrid after it has served as the template for the first primer. The second primer 
binds to the newly formed cDNA and is extended, resulting in the formation of 
double-strand cDNAs in which one or both strands are capable of serving as 
transcription templates for RNA polymerase. Although technically less robust and less 
sensitive than PCR, TMA has various merits that make it an attractive option: it works 
at isothermal conditions in a single tube to help minimize contamination risks 
(Guatelli et al., 1990). Amplification of RNA not only makes it possible to detect 
RNA-containing viruses, but also lowers the detection limit for certain bacterial and 
fungal pathogens by using high-copy-number rRNA targets (Compton, 1991). A 
commercial system for detection of M. tuberculosis by TMA is now available from 
Gen-Probe. 
Ligase chain reaction (LCR) 
Also called ligase amplification reaction, LCR is a probe amplification technique first 
described in 1989 by Wu and Wallace (1989). Successful ligation relies on the 
contiguous positioning and correct base-pairing of the 3' and 5' ends of 
oligonucleotide probes on a target DNA molecule. In the process, oligonucleotide 
probes are annealed to template molecules in a head-to-tail fashion, with the 3' end of 
one probe abutting the 5' end of the second. DNA ligase then joins the adjacent 3' and 
5' ends to form a duplicate of one strand of the target. A second primer set, 
complementary to the first, then uses this duplicated strand (as well as the original 
target) as a template for ligation. Repeating the process results in a logarithmic 
accumulation of ligation products, which can be detected by means of the functional 
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groups attached to the oligonucleotides (Schachter et al, 1994). The recently 
developed thermostable DNA ligase greatly simplifies this technique and has 
increased the specificity by helping avoid problems of blunt-end ligation at low 
annealing temperature (Barany, 1991). When used after a target amplification method, 
such as PCR, this technique can be sensitive and is useful for the detection of point 
mutations. Although convenient and readily automated, one potential drawback of 
LCR is the difficult inactivation of the post-amplification products. The nature of the 
technique does not allow the most widely used contamination control methods to be 
applied. The inclusion of a detection system within the same reaction tube would 
greatly decrease the possibility of contamination, which is associated with the opening 
of reaction tubes. A combination LCR kit for detection of both Chlamydia 
trachomatis and Neisseria gonorrhoeae is now commercially available from Abbott 
Labs (Chernesky et al. 1994). 
Strand displacement amplification (SDA) 
SDA is another non-PCR nucleic acid amplification technique, developed in 1991 
(Walker et al, 1992; Walker et al, 1992a). In this system, DNA polymerase initiates 
DNA syntheses at a single-stranded nick and displaces the nicked strand during DNA 
synthesis. The displaced single-stranded molecule then serves as a substrate for 
additional simultaneous nicking and displacement reactions (Walker et al, 1992). 
This isothermal DNA amplification procedure uses specific primers, a DNA 
polymerase, and a restriction endonuclease to achieve exponential amplification of 
target. The key technology behind SDA is the generation of site-specific nicks by the 
restriction endonuclease. Although complicated, SDA has two important advantages. 
Except for the initial denaturation step, SDA is isothermal and requires no specialized 
thermocycler (Walker et al, 1992). In addition, SDA can be applied to either single-
or double-stranded DNA. 
QB repiicase system 
Initially described by Lizardi et al. (1988), the QB repiicase system is based on the 
incorporation of a single-stranded oligonucleotide probe into an RNA molecule that 
can be exponentially amplified after target hybridization by the enzyme QB repiicase 
(Kramer and Lizardi, 1989). The assay is technically straightforward. The enzyme 
specifically recognizes the secondary structure of the RNA from the QB genome, 
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which is hybridized to the specific target. After a given probe anneals to a target, the 
non-hybridized material can be removed by the enzyme RNase III and subsequent 
wash steps. The hybridized probe is then enzymatically replicated by Q(3 repiicase to 
detectable quantities (Lizardi et al, 1988; Prichard and Stefano, 1990). The potential 
advantages associated with the QB repiicase procedure include its remarkable speed 
(<30 min) and isothermal reaction conditions. The main drawback is that unbound 
reporter probes or non-specifically bound reporter probes serve as templates for 
amplification, resulting in false-positive results. This formidable problem has been 
largely overcome by the use of target capture methods. 
POLYMERASE CHAIN REACTION 
As mentioned above, for detection of pathogens in food and clinical samples, nucleic 
acid analysis without amplification often has the disadvantage of low sensitivity (high 
detection limits). Nucleic acid amplification techniques increase sensitivity 
dramatically while still retaining a high specificity. Invented by Cetus scientist, Kary 
Mullis (Mullis and Faloona, 1987; Mullis, 1990), PGR is the best-developed and most 
widely used method of nucleic acid amplification. The development of the 
polymerase chain reaction (PGR) was a major methodological breakthrough in 
molecular biology. PGR permits the in vitro replication of defined sequences of DNA 
whereby gene segments can be amplified (Steffan and Atlas, 1991). An ingenious 
procedure, PGR is based on the ability of DNA polymerase to copy a strand of DNA 
by elongation of complementary strands initiated from a pair of closely spaced 
chemically synthesized oligonucleotide primers. 
The basic technique of PGR includes repeated cycles of amplifying selected nucleic 
acid sequences (Mullis and Faloona, 1987; Mullis, 1990). Each cycle consists of three 
steps: (a) a DNA denaturation step, in which the double strands of the target DNA are 
separated; (b) a primer annealing step, performed at a lower temperature, in which 
primers anneal to their complementary target sequences; and (c) an extension reaction 
step, in which DNA polymerase extends the sequences between the primers. At the 
end of each cycle (each consisting of the above three steps), the quantities of PGR 
products are theoretically doubled. The oligonucleotide primers are designed to 
hybridize to regions of DNA flanking a desired target gene sequence. The primers are 
extended across the target sequence using DNA polymerase (currently almost 
exclusively Taq DNA polymerase) in the presence of free deoxyribonucleotide 
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triphosphates, resulting in a duplication of the starting target material. The whole 
procedure is carried out in a programmable thermal cycler. Generally, performance of 
30 to 50 thermal cycles results in an exponential increase in the total number of DNA 
copies synthesized (Eisenstein, 1990: Steffan and Atlas, 1991; White et ai. 1992). 
Commercial systems for PCR detection of DNA targets of Chlamydia trachomatis and 
Mycobacterium tuberculosis are manufactured by Roche Molecular Systems 
(Loeffelholze/a/., 1992). 
PCR Reaction Mixture 
The essential components of the PCR reaction mixture are Taq DNA polymerase, 
oligonucleotide primers, deoxyribonucleotide triphosphates (dNTP's), template DNA, 
and magnesium ions. The recommended concentration range for Taq DNA 
polymerase is 1.0-2.5 units per 100 nl reaction (Lawyer et ai, 1989). If the enzyme 
concentration is too high, non-specific background products often form. If the enzyme 
concentration is too low, the amount of desired product made is insufficient. The Taq 
DNA polymerase has an optimum activity around 70°C and is not inactivated by short 
incubations at temperatures at which PCR-generated fragments will denature (Steffan 
and Atlas, 1991). 
Primer concentrations of 0.1-0.5 nM are recommended. Higher primer concentrations 
may promote non-specific product formation and in particular may increase the 
generation of a primer-dimer. Non-specific products and primer-dimer artifacts are 
substrates for PCR and result in a lower yield of the desired product. Typical primers 
are 18 to 28 nucleotides in length with 50-60% GC composition. The primers must 
have similar melting temperatures (Tm's). One must avoid complementarity at the 3' 
ends of primer pairs as this arrangement favours the formation of primer-dimer and 
reduces the yield of the desired product. Also, three or more C's or G's at the 3' ends 
of the primers may promote mispriming at GC-rich sequences and should be avoided. 
Avoiding primers with 3' overlaps reduces the incidence of primer-dimer formation. 
Palindromic sequences within primers likewise must be avoided. Where possible, 
primers should have a GC content of around 50% and a random base distribution. 
Secondary structure in the target template DNA and in the primers likewise should be 
minimized (Steffan and Atlas, 1991). 
dNTP concentrations should be 20-200 nM to give optimal specificity and fidelity. 
The four dNTP's should be used at equivalent concentrations to minimize 
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misincorporation errors. The lowest dNTP concentration appropriate for tiie length 
and composition of the target sequence should be used to minimize mispriming at 
non-target sites and reduce the likelihood of extending misincorporated nucleotides 
(Innis et al, 1988). 20 nM of each dNTP in a 100 i^l reaction is theoretically 
sufficient to synthesize 2.6 ng of a 400 bp sequence (Steffan and Atlas, 1991). 
PCR's should contain 0.5 to 2.5 mM magnesium over the total dNTP concentration. 
The presence of EDTA or other chelators in the primer stocks or template DNA may 
disturb the apparent magnesium optimum. The magnesium ion concentration affects 
primer annealing, DNA melting temperatures, and enzyme activity (Steffan and Atlas, 
1991). 
The recommended buffer for PGR is 10 to 50 mM Tris-HCI (pH 8.3-8.8). Up to 50 
mM KCl can be included in the reaction mixture to facilitate primer annealing. 
Concentrations of KCl above 50 mM, inhibits Tag DNA polymerase activity (Innis et 
al, 1988). Gelatin or bovine serum albumin (100 ngml"') and non-ionic detergents 
such as Tween 20 can be used to stabilize the Tag DNA polymerase (Steffan and 
Atlas, 1991). 
PGR Reaction Conditions 
PGR involves repetitive cycling between a high temperature to melt the DNA, a 
relatively low temperature to allow the primers to hybridize (anneal) with the 
complementary region of the target DNA, and an intermediate temperature for primer 
extension. The temperature cycling can be achieved using an automated thermal-
cycler. 
The temperature and length of time required for primer annealing depend upon the 
base composition, length, and concentration of the amplification primers (Innis and 
Gelfand, 1990). The annealing temperature generally is 5°C below the true Tm of the 
primers. Annealing temperatures in the range of 55 to 72°G generally yield the best 
results. At typical primer concentrations of 0.2 nM, annealing requires only a few 
seconds. Increasing the annealing temperature enhances discrimination against 
incorrectly annealed primers and reduces addition of incorrect nucleotides at the 3' 
end of the primers. Stringent annealing temperatures, especially during the first 
several cycles, help increase specificity. If the temperature is lower than the optimum, 
the reaction products frequently include additional DNA fragments that can be 
visualized using agarose gel eleclrophoresis and ethidium bromide staining (Steffan 
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and Atlas, 1991). 
The range of enzyme activity varies by two orders of magnitude between 20 and 85°C 
(Gelfand and White, 1990). Extension time depends upon the length and 
concentration of the target sequence and upon temperature. Primer extensions 
typically are performed at 72°C, which is optimal for Tag DNA polymerase. Low 
extension temperature together with high dNTP concentrations favours extension of 
mis incorporated nucleotides. Using longer primers and only two temperatures, e.g. 55 
to 75°C for annealing and extension and 94°C for DNA melting, can yield better 
results (Kim and Smithies, 1988). 
Typical denaturation conditions are 94-95°C for 30-60 sec (Innis and Gelfand, 1990). 
Lower temperatures may result in incomplete denaturation of the target template 
and/or the PGR product and failure of the PGR. In contrast, denaturation steps that are 
too high and/or too long lead to unnecessary loss of enzyme activity. The half-life of 
Tag DNA polymerase activity is 40 min at 95°G. Too many cycles can increase the 
amount and complexity of non-specific background products. Too few cycles give 
low product yield (Steffan and Atlas, 1991). 
Amplification potential of PGR 
Gibbs (1990) has estimated that, if PGR was performed at 100% of its theoretical 
maximum efficiency, one could generate 100 ng of a 1 kb unique human DNA 
fragment from 100 ng of total human DNA in only 25 PGR cycles. Generally, 
however, only a few ng of target are produced, even under the most controlled 
conditions (Steffan and Atlas, 1991). 
TYPES OF PGR 
Polymerase chain reaction has been modified to suit various objectives in molecular 
biology research (Erlich et al, 1991; Persing, 1991). Thus, were developed various 
types of PGR. Some of these modifications effectively expand the diagnostic 
capabilities of PGR and have increased its utility in the diagnostic laboratory. Some of 
the important types of PGR that are now frequently used in molecular biology 
research are described below: 
Reverse transcriptase (RT)-PCR 
RT-PCR was developed to amplify RNA targets. In this process, RNA targets are first 
converted to complementary DNA (cDNA) by reverse transcriptase, and then 
amplified by PGR. RT-PCR has played an important role in diagnosing RNA-
containing virus infections, detecting viable Mycobacteria species, and monitoring the 
effectiveness of antimicrobial therapy (Boddinghaus et al, 1990; Salomon, 1995; Jou 
et al., 1997). The conventional reverse transcription reactions are fastidious: the 
enzymes cannot tolerate higher temperatures, which limits wide application of the 
method in clinical diagnosis. The thermostable DNA polymerase (Tth pol) and its 
thermostable cousins derived from other organisms have efficient reverse transcription 
activity and, therefore, can be used in detection of RNA targets without the need for a 
separate RT step (Myers and Gelfand, 1991; Young et al., 1993). The higher reaction 
temperature increases stringency of primer hybridization and avoids the possible RNA 
secondary structure, so that the reaction is more specific and efficient than previous 
protocols that used avian myeloblastosis virus RT. Commercial kits for detection of 
HIV are now available that use this single enzyme technology (Tang et al., 1997). 
Nested PGR 
Nested PGR, designed mainly to increase sensitivity (detect smaller quantities of 
target), uses two sets of amplification primers (Haqqi et al., 1988; Erlich et al., 1991). 
One set of primers is used for the first round of amplification, which consists of 15 to 
30 cycles. The amplification products of the first reaction are then subjected to a 
second round of amplification with another set of primers that are specific for an 
internal sequence that was amplified by the first primer pair (Haqqi et al., 1988; 
Roberts and Storch, 1997). Nested PGR has extremely high sensitivity because of the 
dual amplification process. The DNA product from the first round of amplification 
contains the hybridization sites for the second primer pair. The amplification by the 
second primer set, therefore, verifies the specificity of the first-round product. The 
major disadvantage of the nested-amplification protocol is the high probability of 
contamination during transfer of the first-round amplification products to a second 
reaction tube. This can be avoided either by physically separating the two 
amplification mixtures with a layer of wax or oil, or by designing the primer sets to 
utilize substantially different annealing temperatures (Erlich et al., 1991). 
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Multiplex PGR 
Multiplex PGR is an amplification reaction in which two or more sets of primer pairs 
specific for different targets are introduced in the same tube. Thus, more than one 
unique target DNA sequence in a specimen can be amplified at the same time 
(Chamberlain et al, 1988). Primers used in multiplex reactions must be carefully 
designed to have similar annealing temperatures, which often require extensive 
empirical testing. This co-amplification of multiple targets can be used for various 
purposes. For diagnostic uses, multiplex PGR can be set up to detect internal controls 
or to detect multiple pathogens from a single specimen (Jou et al, 1997; Roberts and 
Storch, 1997; Bej et al, 1990). Multiplex PGR amplification of two different 
Legionella genes, one specific for Legionella pneumophila (mip) and the other for the 
genus Legionella (5S rRNA), was achieved by staggered additions of primers. 
Multiplex PGR amplification using differing amounts of primers specific for lacZ and 
lamB genes permitted the detection of coliform bacteria and those associated with 
human faecal contamination, including the indicator bacterial species Escherichia 
coli, enteric pathogens Salmonella and Shigella (Steffan and Atlas, 1991). 
Such multiplex methods of relevance to food microbiology have been used to detect 
variants of enteropathogenic E. coli (Franck et al., 1998), to detect the three 
pathogenic Vibrio, V. cholerae, V. parahaemolyticus and V. vulnificus (Trost et al., 
1993), to perform species differentiation within Listeria (Bubert et al, 1992), to 
characterize strains of Staphylococcus aureus with respect to enterotoxins (Becker ei 
al, 1998) and to simultaneously detect E. coli, faecal coliforms. Salmonella and 
pathogenic Vibrio (Brasher et al, 1998). To the extreme, a common enrichment broth 
and a common PGR-reaction mix were used in a multiplex PGR, where 13 different 
food-borne pathogenic bacteria were detected in the same reaction (Wang et al. 
1997). Perez-Roth et al (2001) have developed a multiplex PGR assay for the 
detection of clinically relevant antibiotic resistance genes viz., mecA, ileS-2 and fernB 
encoding high-level methicillin resistance, high-level mupirocin resistance and a 
factor essential for methicillin resistance, respectively. Such methods show the 
potential for practical every day use of PGR methods in food microbiology. 
Broad-range PGR 
Another important technical modification is the development of broad-range PGR, in 
which conserved sequences within phylogenetically informative genetic targets are 
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used to diagnose microbial infection. A broad-range PGR approach lias identified 
several novel, fastidious, or uncultivated bacterial pathogens directly from infected 
human tissue or blood (Relman el ai, 1990; Relman et al., 1992; Tang et ai, 1997a). 
A universal primer set designed to target herpes virus DNA polymerases might be 
widely useful for diagnosing herpes virus infection (Van Devanter et al, 1996). 
Broad-range rRNA PGR techniques offer the possibility of rapid bacterial 
identification through use of a single pair of primers targeting bacterial small-subunit 
(16S) rRNA or DNA (Neefs et al, 1993; Monstein et al, 1996). The major obstacles 
to implementation of rapid, automated rDNA-based bacterial identification systems 
are background contamination and, needless to say, cost. Perkin-Elmer Applied 
Biosystems has developed a commercial system for broad-range bacterial 
amplification and sequencing known as Microseq. 
DNA fingerprinting 
The presence of conserved, interspersed repetitive DNA elements in bacterial 
chromosomes creates opportunities for rapid PCR-based DNA fingerprinting (rep-
PGR). PGR amplification of unique-sequence chromosomal DNA residing between 
high-copy-number interspersed repetitive DNA elements of bacterial pathogens is the 
basis for a rational PGR-based fingerprinting strategy. Optimization of PGR reactions 
with standardized reagents, including primers, has culminated in the development of 
commercial kits with improved accuracy and reproducibility. Advances in amplicon 
detection strategies include the combination of microfluidic-based fragment 
separation and fluorescence detection with the compilation of electronic DNA profile 
libraries for strain identification. Such refined molecular strategies will enable 
sophisticated molecular epidemiological studies and possibly assist in identification of 
bacterial pathogens. Moreover, the strategy of designing primers to endogenous 
repetitive sequence elements can be generalized to the analysis of fungal and other 
pathogens (Versalovic and Lupski, 2002). 
ANALYSIS OF THE AMPLIFICATION PRODUCTS 
After target amplification, the simple or conventional version of product detection is 
use of agarose gel electrophoresis with ethidium bromide staining. Several other 
techniques have been developed not only to visualize the products, but to enhance 
both the sensitivity and specificity of amplification techniques as well. A probe-based 
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DNA detection system has the advantage of providing sequence specificity and 
decreased detection limits. After routine agarose gel electrophoresis, the DNA is 
transferred to a solid phase, e.g., nitrocellulose or nylon membrane, and probed by a 
specific probe. Radiolabeled probed membranes are directly exposed to X-ray film, 
whereas enzyme-labeled probed membrane may be visualized through either light or 
colour production. 
Hybridization protection assay (HPA) 
HPA is a homogeneous format. The probe and the product are incubated together in a 
single test tube, and the binding of probe to the target is measured without further 
manipulation (Arnold et al, 1989). A probe labeled with an acridinium ester is added 
to a sample containing PGR products for identification. In a positive sample, the 
bound probe is protected from alkaline hydrolysis and, upon addition of peroxides, 
emits detectable light. The HPA does not require the binding of amplified DNA to a 
solid support by DNA capture or other means, can be performed in a few hours, and 
does not need to have excess unbound DNA probe removed (Nelson and Kacian, 
1990; Pollard-Knight e/a/., 1990). 
DNA enzyme immunoassay (DEIA) 
DEIA is another newly developed system for detecting nucleic acid previously 
amplified by means of PGR (Mantero et al., 1991). An anti-dsDNA antibody 
exclusively recognizes the hybridization product resulting from the reaction between 
target DNA and a DNA probe. The final product is revealed by means of a 
colorimetric reaction (Mantero et al, 1991). The DEIA increases the sensitivity of a 
previous PGR by including enzymatic reactions. The hybridization between specific 
probe and PCR-amplified target DNA, as well as the formation of target DNA/probe 
hybrids and anti-dsDNA antibody complex, also enhances the specificity. The system 
is now manufactured by Sorin Biomedica Diagnostics in Europe and Incstar in the US. 
Automated DNA sequencing technology 
Direct sequencing offers direct, rapid, and accurate analysis of amplification products. 
As described earlier, broad-range PGR amplifies conserved regions of a wide range of 
organisms (Relman et al., 1992). The amplicon sequence is first determined, and then 
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a DNA sequence-based phylogenetic analysis is performed and used to specifically 
identify the pathogen (Dumler et al, 1995). 
Single-strand conformational polymorphisms (SSCP) 
SSCP was first described by Orita et al. (1989). DNA is subjected to PGR with 
primers to a region of suspected polymorphism. The PGR products, which usually 
incorporate a detector marker, are examined after gel electrophoresis. Physical 
conformational changes in single-stranded DNA are based on the physiochemical 
properties of the nucleotide sequence. Variations in the physical conformation are 
reflected in differential gel migration. This technique is sensitive enough to detect 
single nucleotide substitutions. One area in which SSGP may prove to be of value is in 
the detection of mutations related to resistance mechanisms. SSCP, and variations on 
the technique, have been successfully used to examine the genes contributing to the 
multi-drug resistance of M. tuberculosis (Felmlee et al, 1995). 
RFLP analysis 
In post-amplification RFLP analysis, the amplified DNA fragments are cut by a 
restriction endonuclease, separated by gel electrophoresis, and then transferred to a 
nitrocellulose or nylon membrane. The fragment(s) containing specific sequences may 
then be detected by using a labeled homologous oligonucleotide as a probe. Variations 
in the number and sizes of the fragments detected are referred to as RFLPs and reflect 
variations in both the number of loci that are homologous to the probe and the location 
of restriction sites within or flanking those loci (Van Embden et al., 1993). 
DETECTION OF PATHOGENS BY PCR 
Food-borne diseases are mainly caused by pathogenic bacteria which are either 
transmitted to humans from the animal reservoir or which contaminate the food 
process line. Detection and isolation of these bacteria from food are often difficult due 
to the high number of contaminating and indigenous bacteria and a low number of the 
pathogenic bacteria of concern. In order to obtain even a modest sensitivity, most 
traditional isolation methods include a selective enrichment and sometimes a pre-
enrichment step, both of which are labour and time consuming. There is, 
consequently, scope for improvement of detection and isolation methods, especially 
with respect to the time needed to produce a diagnosis (Olsen, 2000). 
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Nucleic acid amplification vs. conventional methods 
The tremendous genetic diversity poses a formidable challenge in the speedy and 
accurate design of molecular assays. Conventional phenotypic methods for bacterial 
detection and identification have depended for decades on cultivation of microbial 
cultures in liquid or plated media. Various formulations have been developed to 
optimize recovery of different bacterial and fungal pathogens. Biochemical testing by 
manual and semi-automated methods has been a key element of bacterial 
identification for decades. The development of microbiological stains in the late 
nineteenth and early twentieth centuries enabled rapid microscopic smear analysis in 
the laboratory. Antigen and antibody detection (serological methods) made culture-
independent pathogen detection possible. Antigen and antibody detection have relied 
on developments in direct (DFA) or indirect (IFA) immunofluorescence analysis and 
enzyme immunoassay (EIA)-based studies, but these methods are limited in 
sensitivity in comparison with in vitro nucleic acid amplification (Versalovic and 
Lupski, 2002). 
The progress in recombinant DNA techniques offers opportunities for their 
application as analytical tools in food microbiology and food control. Besides the 
direct hybridization techniques, which are highly specific but lack the demanded 
sensitivity, a number of in vitro amplification methods have also been established. At 
this stage PCR is a rapid, specific and sensitive method suited to detecting and 
identifying microorganisms. 
During the last decade various PCR-systems have been established for the detection 
of spoilage or pathogenic bacteria and viruses in different food matrices and water. 
Depending on the specific circumstances (gene region, detection system, food 
sample), detection limits within a range of lO-lO"* c.f.u. g ' were achieved for most 
PCR-systems. However, sensitivity depends not only on the detection system, but also 
to a great extent on the food matrix. For instance, cheese is an extremely problematic 
matrix with a detection limit as high as 2 x 10^ c . fu . g ' due to PCR inhibitors. 
Therefore, in order to increase sensitivity the potential PCR inhibitors in each matrix 
have to be discerned and adequate protocols have to be established. Although the 
adaptation of the system to a food matrix is a time consuming process, it is essential 
for the success of a PCR-based detection system (Scheu et ai, 1998). 
Direct detection of organisms in food samples is a major goal for PCR technology, 
but this is difficult to obtain. A PCR method can produce a positive reaction from 
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nucleic acids from one organism, but the quantity of the sample that can be used in 
one reaction decreases the sensitivity. Direct detection by PCR has, therefore, only 
been performed in very few cases (Olsen, 2000). 
In legislative food control and food production control, microbiological examination 
for the presence of food-borne pathogens is essential. The need for rapid and 
automated methods for this purpose is evident, and nucleic acid based detection 
methods may come to play an important role in the development of such methods. 
The essential principle of nucleic acid based detection methods is the specific 
formation of double stranded nucleic acid molecules from two complementary, single 
stranded molecules under defined physical and chemical conditions. When performed 
in vitro this is termed hybridization; hence the term: hybridization methods. In 
diagnostic assays, one of the strands is produced in the laboratory in the form of probe 
molecules or PCR-primers, while nucleic acids from the target organism provide the 
other strand (Olsen e/a/., 1995). 
An important factor in evaluating any DNA-based test is the specificity of the DNA 
sequences chosen for the gene and strains of interest. Size of the amplicon is often 
used as evidence that the PCR is positive. However, the identity of the amplicon may 
be confirmed by hybridization to a specific DNA probe, digestion with a restriction 
enzyme or DNA-sequencing of the DNA fragment, as some oligonucleotides prime 
the formation of DNA fragments of several sizes and base compositions. One way of 
increasing the specificity of PCR is to combine two PCR methods (nested PCR). In 
the first round, one set of primers is used to amplify DNA-fragments from target 
DNA from the sample. The next set of primers, which are used to score the result, are 
complimentary to an internal sequence in the correct PCR product from the first 
round. In this way, a signal will be produced if the correct fragment was amplified in 
the first round while 'false amplicons' are ignored (Olsen et al, 1995). 
Microbial genomes are being sequenced at a staggering rate; there were 81 publicly 
available bacterial genome sequences as of June 1, 2002 
(http://www.ncbi.nlm.nih.gov/PMGifs/Genomes/micr.html). Our understanding of 
subspecies-level or strain-level differences in bacterial and viral genomes has 
sharpened our appreciation of the differences between clones or quasi-species of 
microbial pathogens. Approximately 10% of the genes of a species in a given genus 
are unique to each organism, and we are now beginning to appreciate the genetic 
diversity among bacterial strains of a given species (Versalovic and Lupski, 2002). 
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Advances in molecular biology technology, particularly the polymerase chain reaction 
(PCR), have allowed for more reliable microbial identification and surveillance. PGR 
is the best-developed and most widely used method of nucleic acid amplification 
(Mullis and Faloona, 1987; Mullis, 1990). This technique permits the rapid 
amplification of specific DNA sequences by a factor of up to 10^ (Border, et al., 
1990). PCR has also become a valuable tool for investigating food-borne outbreaks 
and identifying the responsible etiological agents. PCR techniques have provided 
increased sensitivity, allowed for more rapid processing times and enhanced the 
likelihood of detecting bacterial pathogens. In addition to analysis of foods, PCR has 
also been successfully applied to the detection and identification of pathogenic 
organisms in clinical and environmental samples (White et al, 1992; Tang et al., 
1997a; Simon, 1999). 
The potential of PCR methods for culture conformation is interesting in light of the 
possibilities for performing automated PCR. That PCR may be at least as sensitive 
and often more sensitive than traditional culture and biochemical methods for culture 
conformation, have been documented on several occasions. The sensitivity of a PCR-
based culture conformation test was estimated to be 0.92 when tested for detection of 
Salmonella in 96 naturally contaminated samples of minced meat, while the 
traditional method missed many positive samples due to the heavy indigenous flora 
and only showed a sensitivity of 0.50 (Aabo et al, 1995). 
Characteristics of target nucleic acids 
Depending on the desired specificity of the detection (genus-, species- or strain-
specificity) different regions of the genome can be used as targets. Common targets 
for the identification of various pathogenic microorganisms are genes determining the 
production of toxins such as verotoxin in toxic E. coli (Willshaw et al, 1985), 
enterotoxin B in Staphylococcus aureus (Notermans et al, 1988), haemolysin in 
Listeria monocytogenes (Datta et al, 1988), type A neurotoxin in Clostridium 
Botulinum (Fach et al, 1993) and cholera toxin in Vibrio cholerae (Koch et al, 1993). 
Jagow and Hill (1986) designed a DNA-based detection system for Y. enterocolitica 
on the basis of a virulence associated plasmid. Genes for specific enzymes, for 
example, thermonuclease (Liebl et al, 1987), P-galactosidase (Bej et al, 1990a), 
glucuronidase (Bej et al. 1991a), abequose and paratose synthase (Luk et al, 1993), 
cystein proteinase (Fernandez et al, 1994) have also been described. Ribosomal RNA 
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(rRNA) genes are also suitable as targets. These genes are ubiquitously distributed but 
show differences due to their phylogenetic divergence. For this reason DNA-based 
tests that are able to distinguish between organisms with various ranges of specificity 
can be designed (Micheal and Murray, 1990; Grimont and Grimont, 1991). 
A significant advantage of using rDNA as the target nucleic acid is the high copy 
number (>10" cell"'). Thus rRNA-based detection can be used for in situ and colony 
hybridization (Betzl et al, 1990; Salama et ai, 1993; Nissen et al, 1994). 
Alternatively, randomly chosen DNA can be used as a target region as shown for 
Streptococcus oralis (Schmidhuber et al., 1988). This strategy has also been described 
by several authors for the detection of Salmonella (Gopo et al., 1988; Scholl et al., 
1990; Olsen et al, 1991). Such random DNA fragments may be a part of a gene of 
vita! importance or a DNA sequence without any essential function. Since nothing is 
known about its stability and genetic variability it may be disadvantageous for a 
general use. 
Major criteria for the detection of microorganisms in food using PCR systems are 
their specificity and sensitivity. To a large extent specificity is determined by the 
sequences of the oligonucleotide primers that are unique for the target microorganism, 
and the annealing conditions that have to be optimized in order to minimize non-
specific priming. The sensitivitj- of a given system depends not only on the reaction 
conditions but also to a great extent on the matrix of the food sample and the DNA 
extraction method (Scheu etai, 1998). 
Various methods are used for the detection of the amplified products. The most 
widely used is agarose gel electrophoresis. However, improved sensitivity can be 
achieved by using DNA probes, chemoluminescence-based detection systems and 
nested PCR (Soumet et al, 1994; Rijpens et al, 1996; Scheu et al, 1998). PCR 
detection systems based on multicopy genes (e.g. rDNA sequences, IS elements) are 
generally more sensitive than those based on single copy genes (Scheu et al, 1998). 
Limitations of PCR 
Detection of pathogens by PCR relies on amplification and detection of specific DNA 
segments. However, amplification products using any set of primers only demonstrate 
that the appropriate target nucleic acid sequences are present in the sample. This does 
not imply that the target organisms are living. As long as intact nucleic acid sequences 
are present in the sample, they will be amplified by PCR. Therefore, DNA from dead 
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microorganisms may lead to false positive results. On this subject, an impressive 
example is described by Allmann et al. (1995) where heat killed Campylobacter 
jejuni were added to raw milk and were still detected by PGR 5 weeks afterwards, 
without any loss of signal. 
As dead as well as viable microorganisms, can be present in a sample, it becomes 
imperative to have methods that can distinguish between the two. One way to prevent 
the detection of dead microorganisms is an enrichment step prior to PGR analysis. In 
this way it is possible not only to increase the sensitivity of the test, but also to restrict 
the detection to culturable cells (Josephson et al, 1993; Schmieg and Sofos, 1997). 
Several workers have discussed the aid of antibody-coated paramagnetic beads for the 
selection of microorganisms, known as immunomagnetic separation (Fluit et al, 
1993; Grant et al, 1993; Rijpens et al, 1999). However, Homes et al (1991) showed 
that non-viable bacteria with intact cell surface antigens could also be enriched 
through immunomagnetic separation. 
The presence of intact RNA as a sign of active metabolism may also be a valuable 
indicator of the viability of microorganisms. Only viable bacteria were detected by 
using messenger RNA (mRNA) as the target for reverse transcriptase PGR (Bej et ai, 
1991a; Patel et al, 1993). However, due to the short half-life prokaryotic mRNA, it is 
difficult to obtain intact RNA (Belasco and Higgins, 1988), and rapid lysis of the 
microorganisms is needed for its extraction (Patel et al, 1991). Because of the much 
higher stability of ribosomal RNA (rRNA), the difficulties involved with handling 
mRNA may be circumvented by using rRNA as a target. The supposition that rRNA 
can be used to determine viability is supported by the observation that cell 
degradation is accompanied by ribosome disappearance (Silva et al., 1987). However, 
isolating and detecting RNA in comparison to using DNA as target is technically 
more difficult and laborious. Furthermore, the detection of mRNA using PGR-based 
methods is less sensitive than that of DNA. Bej et al (1991a) demonstrated a 1000-
fold reduced sensitivity for the detection of Legionella pneumophila with mRNA-RT-
PGR in comparison to direct DNA-PGR. 
Inhibition of PGR 
A major problem in using PGR methods in food is the presence of PGR inhibitors. 
False negative results can occur for various reasons: (i) the presence of substances 
chelating divalent magnesium cations necessary for PGR; (ii) degradation of nucleic 
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acid targets and/or primers through nucleases (RNase, DNase); (iii) direct inhibition 
of the DNA polymerase (Scheu et al, 1998). 
The activity of the DNA polymerase can be directly inhibited by many substances 
(Ahokas and Erkkila, 1993; Katcher and Schwartz, 1994; Wiedbrauk et al, 1995). An 
extraction with hot NaOH/SDS prior to PGR significantly reduces the inhibitory 
effect. The degree of inhibition depends to a great extent on the type of food (Rossen 
et al, 1992). Studies relating to the amounts of food components that were added to 
PGR mixtures showed that relatively high levels of oil, salt, carbohydrate and amino 
acids have no inhibitory effect. However, casein-hydrolysate concentrations >0.1% 
(w/v) of the PGR mixture caused problems, presumably due to coagulation of the 
protein during PGR. In addition, calcium ions could be identified as a source of PGR 
inhibition when applied to the detection of L. monocytogenes in milk (Bickley et al, 
1996). Furthermore, different enrichment broths and their components as well as 
DNA extraction solutions can be tolerated, even at levels corresponding to running 
PGR directly in the media. However, the presence of ferric ammonium citrate, bile 
salts, esculin and acriflavin requires a 10- to 50-fold dilution in order to be made non-
inhibitory. Ionic detergents (e.g. sodium deoxycholate, sarcosyl and sodium dodecyl 
sulphate) have also been shown to have inhibitory effects (Weyant et al, 1990). 
Rossen et al (1992) found that 0.4 mg non-specific DNA added to 100 l^i of PGR 
mixture completely inhibited the PGR. 
Prevention of PGR inhibition 
The removal of contaminating substances from DNA is an important step in many 
applications. Several potential methods of eliminating inhibitory effects have been 
described. One of the easiest procedures to circumvent the inhibition of PGR is to 
extensively dilute the food samples (Wang et al, 1992). However, besides attenuating 
inhibition, dilution of the samples also decreases sensitivity when the amount of the 
DNA template is a limiting factor. In addition, PGR inhibition can be prevented by 
separating bacteria from the food matrix prior to DNA extraction. This can be done by 
selective or non-selective enrichment prior to PGR (Schmieg and Sofos, 1997; Ferretti 
et al., 2001). Further, possibilities are either the differential centrifugation or the use 
of immunomagnetic separation (IMS). The capture of microorganisms with antibody-
coated paramagnetic beads to circumvent the isolation of specific enzyme inhibitors 
has been described by various authors (Fluit et al, 1993, Kapperud et al, 1993, 
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Olsvik et ai, 1994). Lampel et al. (2000) has described the use of FTA filters for 
improved template preparations for PCR-based assays for the detection of bacteria. 
Another possibility is the purification of DNA by gel filtration or anion exchange 
columns. A common principle of these purification methods is the binding of DNA to 
a matrix in order to wash away the contaminating substances and subsequently to 
elute the purified DNA. Fluids with potential PGR inhibitors may be processed by 
dialysis or ultrafiltration prior to PGR. Ultrafiltration systems, which are 
commercially available, may be used, as dialysis is a very time- consuming process 
(Khane/fl/., 1991). 
A simple method for eliminating DNA polymerase inhibitors is the use of Ghelex 100, 
a chelating resin that has a high affinity for polyvalent metal ions. Chelex 100 also has 
a protective effect against the degradation of DNA by chelating metal ions, which 
catalyse the breakdown of DNA (Singer-Sam et ai, 1989). In addition, an 
improvement in the lysis of Gram-positive bacteria has been observed when Ghelex 
100 is used (Walsh et ai, 1991). The chelating effect may be increased by heating 
under alkaline conditions to denature the template DNA and increase the PGR signal 
{PoW el ai. 1993). 
To relieve inhibition in samples containing endogenous protease activity the addition 
of bovine serum albumin (BSA) could be useful (Powell et al, 1994). Several of the 
substances whose inhibition is relieved by the addition of BSA in the PGR contain 
phenolic groups. Since phenols bind to proteins by forming hydrogen bonds with the 
peptide bond oxygen, it can be concluded that BSA is able to scavenge such 
substances and thus prevent their binding to and subsequent inactivation of DNA 
polymerase (Kreader, 1996). 
Studies using several thermostable DNA polymerases indicated that the extent of PGR 
inhibition also depends upon the type of DNA polymerase used. For example DNA 
polymerases from Thermus thermophiJus and Thermus Jlavus were completely 
resistant to substances that effectively inhibited Taq DNA polymerase (Katcher and 
Schwartz, 1994; Wiedbrauk er o/., 1995). 
Enhancing PGR Efficiency 
One way of enhancing the probability of successful and specific amplification of 
environmental DNA is to dilute the sample (I: 10 to 1: 200) after the first few cycles 
of PGR (Mullis and Faloona, 1987) or after a completed reaction (Paul et al, 1990), 
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and then perform an additional round of PCR. This process may effectively dilute 
potential inhibitors to an acceptable level and allow for successful amplification. The 
diluted DNA will also contain relatively high ratios of target sequences to total, non-
target, background DNA (Steffan and Atlas, 1991). 
The second round of PCR may be performed with the same primer set, or with nested 
primers designed to recognize regions within the initial amplified region (Mullis and 
Faloona, 1987; Haqqi et al, 1988). Using nested primers provides an additional level 
of specificity and increases amplification efficiency by minimizing non-specific 
primer annealing (Haqqi et al, 1988). 
Ruano et al. (1989) described a diphasic amplification strategy, termed booster PCR, 
to improve the efficiency of amplifying target sequences present in low numbers. 
Initial PCR cycles are performed with a low concentration (2.5-8.3 pM) of primers; 
after 20 PCR cycles, primer concentrations are increased to 0.1 nM and up to 50 more 
PCR cycles are performed. This methodology minimizes the formation of primer 
dimers that may result from primer excess (Saiki, 1989) in the early PCR cycles and 
compete for polymerase molecules. 
CRITERIA FOR A STANDARDIZED DIAGNOSTIC PCR 
A standardized PCR-based method for the detection of food-borne pathogens should 
optimally fulfill the following criteria. 
Analytical and diagnostic accuracy 
The PCR-based method should have a high degree of analytical and diagnostic 
accuracy. Analytical accuracy includes selectivity, defined as a measure of the degree 
of response from target and non-target microorganisms using pure strains, and 
detection limit. Consequently, a selective PCR-based method comprises inclusivity 
(detection of the target-pathogen from a wide range of strains) and exclusivity (lack of 
response from a relevant range of closely related but non-target strains). Diagnostic 
accuracy takes into account the target and non-target microorganisms in the presence 
of a biological matrix and comprises the terms specificity and sensitivity. Diagnostic 
specificity is defined as a measure of the degree to which the method is affected by 
non-target components present in a biological matrix, which may result in false-
positive responses. Diagnostic sensitivity is defined as a measure of the degree to 
detect the target pathogen in the biological matrix, which may result in false-negative 
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responses. A high degree of diagnostic accuracy means therefore, to detect, true and 
precisely the target microorganism in the presence of a biological matrix without 
interference from non-target components. Therefore, diagnostic accuracy is used to 
evaluate the closeness of agreement between results of a PCR-based method and the 
accepted reference traditional method (Malomy et al., 2003). 
Detection limit 
Secondly, the PCR-based method should have a low (good) detection limit. The 
theoretical detection limit of one microbial cell per PGR reaction can usually be 
translated in practice Into 10^-10'* cells per ml of pre-enriched sample provided a 
small volume of initial matrix is used in the PGR reaction. Therefore, a PGR assay, 
usually preceded by an enrichment step for a primary multiplication of bacterial cells, 
should itself detect at least 10-100 copies of the bacterial target DNA in the reaction 
(Knutsson et al. 2002; Malomy et al, 2003). 
Robustness 
The method should be tolerant towards a range of physical and chemical parameters. 
The most critical parameters usually are quality of template DNA (physical integrity 
of the chromosome, absence or presence of PGR inhibitors), batch differences in 
purity of the reagents, pipetting errors, accuracy of temperatures reached during PGR, 
adequacy of time duration of each PGR step, and rates of change ("ramping rates") 
between the different temperatures required during amplification. However, a recent 
ring-trial clearly demonstrated the significance of variation in thermocycler 
performance on the outcome of a diagnostic PGR (Saunders et al, 2001). Thus, a high 
robustness of the method is a good indication of high inter-laboratory reproducibility. 
Nevertheless, the instruments used (thermocycler, pipettes, etc.) must be checked 
routinely for good performance. In addition, reagents (e.g. nucleotides, polymerase 
enzyme, water) must be of a molecular biology grade (Malomy et al, 2003). 
Contamination 
The PCR-based method should have a minimal carry-over contamination risk. To 
minimize this risk, practices such as the use of separate working areas, decreasing the 
number of pipetting steps and the use of filter tips must be adhered to strictly. Garry-
over contamination can also be prevented by incorporation of uracil-N-glycosylase 
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(UNG) in the reactions, which renders all amplicons inactive for further amplification 
(Kitchin and Bootmann, 1993). Homogenous DNA-based technologies, also icnown as 
real-time PGR, where the amplification is continuously monitored by fluorescence 
within the reaction tubes, can also reduce the risk of carry-over contamination (Foy 
and Parkes, 2001). 
Flexibility with respect to various sample matrices 
A major bottleneck in diagnostic PGR and, in particular, the detection limit of the 
overall method is the pre-PGR processing step and the lack of flexibility regarding the 
applicability to various sample matrices. Therefore, standardized PGR-based methods 
should include general methods of sample preparation aiming to (i) concentrate target 
microorganisms, (ii) overcome the effects of PGR-inhibitory substances, and (iii) 
reduce the heterogeneity of biological samples to homogeneous PGR compatible 
samples in order to ensure variations between various sample matrices. However, 
many sample preparation techniques are presently too complicated, time consuming 
and unreliable. A future challenge for diagnostic PGR is to integrate pre-PGR 
processing in an automated manner (Malorny et al, 2003). 
Other requirements 
Other criteria for wide applicability of a standardized PGR are simplicity (user-
friendliness) of the diagnostic method, high speed of result production, cost 
effectiveness and the possibility for automation. 
PGR-BASED DETECTION OF IMPORTANT FOOD-BORNE PATHOGENS 
Indicator microorganisms 
PGR is useful for the identification of clinically important pathogens and can be 
similarly applied for environmental surveillance. Bej el al. (1990a) used PGR 
amplification and gene probe detection of regions of two genes, lacZ and lamB, to 
detect conform bacteria in environmental waters. Amplification of a segment of the 
coding region of coli lacZ using an annealing temperature of 50°G detected E. coli 
and other coliform bacteria (including Shigella spp.) but not Salmonella spp. and non-
conform bacteria. Amplification of a region of E. coli lamB using an annealing 
temperature of 50°G selectively detected E. coli, Salmonella and Shigella spp. PGR 
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amplification and radiolabeled gene probes detected as little as 1 to 10 fg of genomic 
E. coli DNA and as few as 1 to 5 viable E. coli cells in 100 ml of water. Thus, they 
demonstrated the potential use of PCR amplification of /ocZ and lamB as a method to 
detect indicators of faecal contamination of water. They showed that amplification of 
lamB in particular permits detection of E. coli and enteric pathogens (Salmonella and 
Shigella species) with the necessary specificity and sensitivity for monitoring the 
bacteriological quality of water so as to ensure the safety of water supplies. 
Bej el al. (1991) also developed a method for the detection of the faecal coliform 
bacterium E. coli using PCR and gene probes based upon amplifying regions of the 
uid gene that codes for y0-glucuronidase. Amplification and gene probe detection of 
four different regions of uid specifically detected E. coli and Shigella species 
including ^glucuronidase-negative strains of E. coli; no amplification was observed 
for other coliform and non-enteric bacteria. 
Stambach et al. (1989) reported the detection of Legionella pneumophila using 
amplification of a fragment of DNA of unknown function from Legionella spp. using 
PCR. The sensitivity of detection was equivalent to 35 c . fu . detected by viable 
plating. Mahbubani et al. (1990) developed a method for the detection of Legionella 
spp. in environmental water sources based upon PCR and gene probes. All species of 
Legionella, including all 15 serogroups of L. pneumophila tested, were detected using 
PCR amplification of a 104 bp DNA sequence that codes for a region of 5S rRNA 
followed by radiolabeled oligoprobe hybridization to an internal region of the 
amplified DNA. Strains of L. pneumophila (all serogroups) were specifically detected 
based upon amplification of a portion of the coding region of the macrophage 
infectivity potentiator (mip) gene. Pseudomonas spp. that exhibit antigenic cross-
reactivity in serological detection methods did not produce positive signals in the 
PCR-gene probe method using Southern blot analyses. 
Mahbubani et al. (1990) investigated the ability of PCR-gene probe methods to detect 
viable L. pneumophila in water by examining bacterial cells exposed to biocide or 
elevated temperature for varying times. Both viable-culturable and viable non-
culturable cells of L. pneumophila formed during exposure to hypochlorite, showed 
positive PCR amplification, whereas non-viable cells did not. Viable cells of L 
pneumophila were also specifically detected using mip mRNA as the target for 
reverse transcription to form cDNA, and PCR to amplify the signal. When cells were 
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killed by elevated temperatures, only viable-culturable cells were detected and 
detection of these cells corresponded precisely with positive PCR amplification 
(reviewed by Steffan and Atlas, 1991). 
Salmonella 
Salmonella are Gram-negative, lactose-negative, rod shaped bacteria belonging to the 
family Enterobacteriaceae. Genetically, the genus comprises a single species, S. 
enterica, but is subdivided into seven sub-species based on biochemical criteria and 
DNA homology (Popoffand Le Minor, 1997). 
Salmonella most often infects humans through contaminated food of animal origin; 
poultry and eggs in particular have been implicated. The number of reported cases of 
Salmonellosis has increased even in the developed countries (Baird-Parker, 1990). 
The increase seems to be related to growing industrialization of foods of animal origin 
(Oosterom, 1991). 
Several PCR-based assays for the detection of Salmonella have been published. 
Widjojoatmodjo et al (1991) developed an assay using primers for replication genes 
and used antibody coated magnetic particles to concentrate Salmonella from pure and 
mixed cultures. The technique was termed magnetic immuno-polymerase chain 
reaction assay (MIPA). This assay was performed on centrifuged bacterial lysates, 
and 25 Salmonella and 19 non-Salmonella strains were correctly identified by the 
assay. The detection limit was 100 c.f.u. per reaction when agarose gel electrophoresis 
was used for detection and 10 c.f.u. per reaction when probing of the amplified 
product was applied. On spiked samples of chicken meat the detection limit of direct 
PCR was lO' c . fu . g ' corresponding to a 100-fold inhibition of the PCR assay 
compared to the detection on pure cultures, while detection limit of 10^ c . fu. g"' was 
obtained when the MIPA technique was used directly on the spiked samples. When 
pre-enrichment was employed for 6 to 24 h before MIPA was performed, detection 
limit of 0.1 c.f.u. g"' meat was obtained (Fluit et al., 1993a). 
Rahn et al. (1992) used primers selected from the invA gene of Salmonella published 
by Galan and Curtiss (1991). In a thorough testing of 630 Salmonella strains, 575 of 
which belonged to 102 specified serovars, and 142 non-Salmonella strains from 21 
genera, two strains of each of the subspecies I serovars: S. senftenberg and S. 
litchfield gave false negative results. Members of S. arizonae are deficient in the 
invABC operon (Galan and Curtiss, 1991) but it is not known whether this influences 
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the PGR detection of the subspecies. The assay showed non-specific PGR products in 
33 of the non-Salmonella strains tested, but no false reactions occurred when the 
identity of the amplicons were documented by probing of the PGR product. The 
detection limit of the assay was shown to be 300 organisms or 27 pg of the 
chromosomal DNA. A group of Salmonella serovars carry plasmids associated with 
virulence in mice (Gulig, 1990). Rexach et al. (1992) reported a PGR assay in which 
the detection of virulence associated plasmid genes was combined with genus specific 
detection based on flagella encoding genes (/7a). Eight out of 60 serovars of 
subspecies I were not amplified by one or both of the PGR methods. The importance 
of the plasmids encoding virulence genes in human and animal disease is not fully 
understood, and the significance of the demonstration of these genes in relation to 
food microbiology still requires clarification. Similar detection of Salmonella strains 
that carry virulence plasmids has been reported by Mahon and Lax (1993) who used 
genes from spvR of the virulence plasmids to construct a quantitative PGR method. 
By sequence analysis of an internal region of the 2.3 kb probe fragment, developed by 
Olsen et al. (1991), in 20 different serovars, regions with complete base homology for 
all serovars were identified. A PGR method with primers from these regions were 
tested against a panel of 146 Salmonella strains of 118 serovars and 86 non-
Salmonella strains. Two strains of two serovars of sub-species Ilia (monophasic S. 
arizonae) were false negative while all other strains tested were correctly identified 
(Aaboefo/., 1993). 
PGR primers selected to amplify a 351 bp DNA fragment from the Salmonella 
plasmid virulence A {spvA) gene of Salmonella entritidis has been used for the 
specific detection of S. enteritidis using a polymerase chain reaction with a mismatch 
amplification mutation assay (MAMA-PGR). A single base difference at position 272 
is present between the nucleotide sequence of the spvA gene of S. enteritidis and other 
salmonellae. The downstream PGR primer, that encompasses position 272 of the S. 
enteritidis spvA gene, was designed to contain a single base mismatch at the 
penultimate position, resulting in a 1 base mismatch with S. enteritidis and a 2 base 
mismatch with other salmonellae that harbour the virulence plasmid. The upstream 
primer was completely homologous with the region immediately 5' to the spvA gene. 
PGR reactions run with these primers were specific for S. enteritidis. In pure culture, 
120 c.fu. of the serotype could be detected by this assay. A PGR product was derived 
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from the template derived from a 5 h enrichment broth culture seeded with 1 c.f u. per 
gram of S. enteritidis (Lampel et ai, 1996). 
Way et al. (1993) showed that two sets of primers, deduced from the H-li and Hin 
flagellin genes, which are involved in the phase variation of Salmonella, were specific 
for motile Salmonella, when tested on a restricted number of Salmonella and non-
Salmonella bacteria. Positive results were seen when a multiplex PCR was performed 
on seeded samples of two different soil types and well water. 
Variations in sugar content of the repeating segment of the polysaccharide chains of 
LPS layer are responsible for the differences in 0-antigenecity of the Salmonella 
serovars. A gene cluster responsible for biosynthesis of the sugars, abequose and 
paratose formed the genetic basis for the selection of three sets of primers. When used 
in three PCR methods, these primers distinguished between members of Salmonella 
serogroups A, B, C2 and D (Luk et al, 1993). 
A hybridization probe developed from the structural gene, agfA, coding for the thin 
aggregative fimbriae (SEP 17 fimbrin) from S. enteritidis was found to hybridize 
strongly to 603 of 604 Salmonella strains and only weakly to 31 of 266 members of 
the genus Enterobacteriacae. PCR primers deducted from the agfA gene were shown 
to be specific for Salmonella when tested on a restricted number of Salmonella and 
non-Salmonella bacteria (Doran et al., 1993). 
Song et al. (1993) developed a PCR-based test for the detection of Salmonella typhi in 
blood specimens. Oligonucleotide primers were designed to amplify a 343 bp 
fragment of the flagillin gene of S. typhi. The amplified products were analyzed by 
agarose gel electrophoresis and southern blot hybridization with a ^^P-labeled 40 base 
probe internal to the amplified DNA. They could detect 10 organisms of S. typhi with 
the help of a nested PCR. They could detect S. typhi from blood specimens of four 
patients with suspected typhoid fever on the basis of clinical features but with 
negative cultures. 
Limited data are available on the performance of PCR assays for detection of 
Salmonella in foods. The use of PCR detection of Salmonella on spiked chicken meet 
samples has given promising results. Unpublished data, mentioned by Rahn et al. 
(1992), showed unsuccessful results running PCR on chicken litter and chicken 
carcass rinse water, which might be due to inhibition of the polymerase enzyme. 
Similar observations on inhibition of Tag DNA polymerase have been reported by 
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Rossen et al. (1992), who observed partial or total inhibition by selective media, 
chemical compounds and substances inherited by different natural food samples. 
Rychlik et al. (1999) developed a nested PCR reaction for the detection of 
Salmonella. They concentrated Salmonella from faeces by centrifugation onto a layer 
of 60% (w/v) sucrose solution. The detection limit was 10^ c.fu.g ' without 
enrichment and 10^ c.f.u. g'' after enrichment. They were able to detect less than 10 
cells of Salmonella per gram of minced meat. The primers were based on invA gene 
sequence (Rahn et al, 1992). 
Wang and Yeh (2002) used novel insertion element (IE) DNA as targets. The primers 
were designed and further used for the specific detection of S. enteritidis in foods and 
faecal samples. The PCR procedure developed was used to examine 170 
endogenously contaminated samples, including poultry, seafood, meats, faecal 
specimens and some feed samples. S. enteritidis was detected in 5.29% (nine of 170) 
of the samples. 
Trkov and Avgustin (2003) described a molecular method for the detection of S. 
enterica strains based on 16S rRNA sequence analysis. The detection system was 
developed by a modification of a previously described PCR method. Only 
approximately two thirds of Salmonella 16S rRNA sequences contained a region 
identical to the 16SFI primer sequence and the reverse primer 16SIII was also not 
specific in the previous method. Combined, these two primers have been claimed to 
allow the specific detection of all Salmonella-, however, in this study, they did not 
recognize S. bongori and 3 out of 78 tested S. enterica strains. They also identified 
some of the tested Enterobacter cloacae strains as Salmonella. On the contrary, the 
new primer pair, MlNf and MINr, made it possible to recognize correctly all of the 78 
tested S. enterica strains, representing 31 different Salmonella serovars. None of the 
23 non-Salmonella strains from the related gamma-proteobacterial genera was 
incorrectly recognized as belonging to S. enterica. 
A study was undertaken by Murugkar et al. (2003) to observe the distribution of three 
such genes, namely. Salmonella enterotoxin (stn), S. enteritidis fimbrial {sej) and 
plasmid encoded fimbrial (pej) genes, among different serovars of S. enterica isolated 
from man and animals. A total of 95 isolates belonging to different serovars viz., S. 
typhimurium (51), S. enteritidis (36), S. bareilly (3), and S. paratyphi B (5) were 
subjected to PCR assay for the detection of stn, sef and pef genes using their specific 
primers. Varying distribution pattern of these genes was observed amongst the 
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isolates. While, stn was found in all the 95 strains, sef was found only among the S. 
enteritidis isolates. The pef gene was found to be absent in 10 isolates including the 
three S. bareilly isolates. 
Using the polymerase chain reaction (PGR) assay, Massi et al. (2003) developed a 
rapid diagnosis method for S. typhi infection in blood specimens from patients with 
typhoid fever. Primers were designed from the flagellin gene sequence, which would 
give an amplification product of 367 bp. In this study, the specificity of the assay, 
with no amplification, was seen for the other Salmonella strains with the flagellin 
gene, and not for non- Salmonella bacteria. For the sensitivity test, the protocol 
described allowed the detection of two to three copies of the S. typhi genome, as 
determined by serial dilution of genomic DNA from S. typhi. 
A multiplex polymerase chain reaction (PGR) assay was developed by Lim et al. 
(2003) for the identification of S. typhimurium. Three sets of primers were designed 
for detecting 04 , H:i, and H:l,2 antigen genes from the antigen-specific genes rjbJ, 
JliC, and fljB, respectively. These were evaluated in a multiplex PGR assay by using 
DNA's from S. typhimurium, 15 other Salmonella serovars, and 8 non-Salmonella 
enteric pathogens. Multiplex PGR proved to be capable of identifying S. typhimurium 
specifically and differentiating it from other Salmonella serovars in addition to non-
Salmonella enteric pathogens. 
In a study carried out by Ziemer and Steadham (2003), nine sets of PGR primers 
targeting Salmonella were evaluated for their specificity with pure cultures of 
intestinal-associated bacteria prior to their application to Salmonella detection in 
faecal samples. Gene targets of PGR primers included: 16S rDNA, a Salmonella 
pathogenicity island I virulence gene, Salmonella enterotoxin gene (stn), invA gene, 
fur-regulated gene, histidine transport operon, junction between SipB and SipC 
virulence genes, Salmonella-specifxc repetitive DNA fragment, and multiplex 
targeting invA gene and spvC gene of the virulence plasmid. Fifty-two Salmonella 
strains were used to determine sensitivity; five strains from related genera and 45 
intestinal bacteria were used to evaluate specificity. All primers amplified DNA from 
Salmonella strains, although two primer sets failed to amplify Salmonella DNA from 
either Salmonella bongori {hilA) or subgroups VI or VII (16S rDNA). There was no 
detected amplification of DNA from related bacterial genera with any of nine PGR 
assays. Six of the PGR assays amplified DNA for some intestinal bacteria. Only three 
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primer pairs were determined to be suitable for application of PCR amplification of 
Salmonella in faecal samples - 16S rDNA, stn and histidine transport operon 
Escherichia coli and Shigella 
The two genera Escherichia and Shigella belong to the tribe Eschirichieae. On first 
reflection these two groups of bacteria would not appear to be related because of 
differences in growth characteristics and appearance on the enteric isolation media. 
However, both these organisms are very closely related genetically. E. coli is 
generally biochemically active compared with Shigella species, which tend to be 
inert. As Shigella spp. are associated with a specific disease spectrum and because 
specific typing antisera for distinguishing E. coli and Shigella are commercially 
available, species of Shigella will continue to be classified in a separate genus, at least 
for now. It is worth mentioning that certain late lactose fermenting, non-motile and 
biochemically inactive strains of E. coli can be difficult to differentiate from Shigella 
spp., and rare strains of species of Shigella also can produce gas from the 
fermentation of glucose. The pathogenic spectrum of E. coli is much broader than that 
of Shigella spp., and toxinogenic strains can produce dysentery-like diarrhoeal 
syndrome indistinguishable from shigellosis (Koneman et ai, 1997). 
Certain strains of E. coli are a major cause of diarrhoea both in man and animals, 
while others are members of the normal gut flora. The pathogenic and non-pathogenic 
strains of E. coli are difficult to distinguish from each other using selective or 
differential cultivation methods. Serological characterization can identify some strains 
belonging to the pathogenic groups; however, E. coli strains with pathogenic 
properties are more often, and probably more reliably, identified through the detection 
of their specific toxins or by detection of toxin genes using hybridization assay or 
PCR(01senera/., 1995). 
Different pathogroups of E. coli are identified, and for some of them, also the specific 
virulence determinants. E. coli is involved in disease syndromes as distinct as 
diarrhoeal diseases, urinary tract infections, meningitis, septicemia, artherosclerosis, 
hemolytic uremic syndrome, and immunological diseases like reactive and 
rheumatoid arthritis (Sussman, 1985; Doyle and Padhye, 1989). The diarrhoeagenic E. 
coli are the most relevant groups from a food hygienic point of view (Olsen el ai, 
1995). 
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Shigella infects man through contaminated food and water or by person-to-person 
contact (Parker, 1990). Shiga toxin resembles the Shiga-like toxins of E. coli with 
respect to function, structure and genetics (Gyles, 1992), PGR primers designed to 
detect members of Shigella often detects pathogenic E. coli as well (Olsen et al, 
1995). 
The enterotoxinogenic E. coli (ETEC) strains produce one or more toxins from the 
heat-labile and heat stable enterotoxin families (Wasteson et al, 1990). These strains 
possess specific adhesion fimbria for intestinal attachment and colonization (Olsen et 
al., 1995). Food originating from warm-blooded animals may be contaminated with 
animal strains of ETEG, but contamination from human sources is more common for 
food involved in outbreaks of disease. In general, ETEG strains causing disease in 
animals possess other colonization factors than those found on human pathogenic 
strains, and are, therefore, unlikely to induce disease after having crossed the disease 
barrier (Parry and Rooke, 1985). 
Different types of food and water, including surface water (Rosenberg et al, 1977), 
cheese (MacDonald et al, 1985), well water and drinking water reservoirs, turkey 
meat, mayonnaise, crab meat and scallops (Doyle and Padhye, 1989) have been 
suspected to be the cause of ETEG-diarrhoea. 
Shiga-like toxin producing E. coli (VTEG) strains all produce potent cytotoxins 
closely related to the toxins of Shigella (Karmali, 1989). They cause a spectrum of 
diseases in humans ranging fi-om non-bloody diarrhoea to hemorrhagic colitis with the 
subsequent development of hemolytic uremic syndrome (HUS) or thrombotic 
thrombocytopenic purpura (TTP) in some individuals. Both healthy and sick cattle are 
suspected to be a major reservoir for EHEG strains, and several outbreaks have been 
associated with consumption of meat or meat products (Wachsmuth et al, 1990). 
Some enteropathogenic E. coli strains (EPEG) produce one or more of the Shiga-like 
toxins, but the most important virulence factor might be their ability to adhere to and 
interfere with the electrolyte transport system in the intestinal epithelial cells. The 
EPEG strains form a serological group of certain O and H antigens (Doyle and 
Padhye, 1989; Senerwa e/a/., 1989). 
The E. coli strains possessing invasive properties are designated enteroinvasive E. coli 
(EIEG). These strains often have typical biochemical characteristics, being lactose 
negative or with slow lactose reaction and are often regarded as non-motile. They are 
often antigenically related to Shigella species and form a distinct serological group. 
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Most of these strains also possess genes encoding one or more of the cytotoxins from 
the Shiga-like toxin family (SLT I and SLTII) (Doyle and Padhye, 1989; Wasteson e/ 
al, 1990). Invasive E. coli strains have so far only been found to naturally induce 
disease in humans, similar to Shigella spp. (Sussman, 1985). 
Olive (1989) developed an assay for the direct identification of enterotoxinogenlc 
Escherichia coli from clinical specimens by using the PCR for amplifying the heat-
labile toxin (Z7) gene. The amplified PCR products were detected by either gel 
electrophoresis or hybridization to a 24-base synthetic oligonucleotide probe. By the 
PCR method, a single bacterium could be detected following 30 cycles of 
amplification. They used the assay for the presence of ir-positive E. coli in stool 
samples. Three pairs of synthetic oligonucleotide primers were prepared (Frankel et 
al, 1989) and shown to hybridize specifically to the genes encoding the heat-stable 
(ST) and the heat-labile (LT) enterotoxins of ETEC and to invasion-associated loci 
{iat) of the large Shigella virulence plasmid. A multiplex PCR, thus developed, led to 
the identification of ETEC and/or Shigella in the stools of 20 out of 71 children with 
diarrhoea. 
Lampel et al (1990) used PCR to amplify a 760 bp fragment with the 220 kb 
invasive plasmids of enteroinvasive Escherichia coli, S. Jlexneri, S. dysenteriae, S. 
boydii. and S. sonnei as templates. This PCR product was easily detected by agarose 
gel electrophoresis. A 210 bp AccI-PstI fragment lying within the amplified region 
was used as a probe in southern hybridization blots and showed that the PCR-
generated product was derived from the invasive plasmid. This PCR assay was used 
for the detection of enteroinvasive bacteria in spiked lettuce samples. 
Hsu and Tsen (2001) used primers designed on the basis of nucleotide sequence of 
malic acid dehydrogenase {mdh) of E. coli for its specific detection by PCR. They 
found that their method was specific for the detection of E. coli. When this PCR 
system was used for the monitoring of E. coli cells inoculated into water and milk 
samples, as low as 10 c . fu . per 100 ml of water or per ml of milk sample could be 
detected if an 8 h preculture step was performed prior to the PCR. Including the 
preculture step, the whole PCR detection process may be completed within 12 h. 
Bayardelle and Zafarullah (2002) designed oligonucleotide primers for the PCR-based 
detection of the wee gene cluster involved in the biosynthetic pathway leading to the 
production of enterobacterial common antigen (ECA). E. coli DNA was detected 
using v/ecA, wecE, and wecF gene primers. The wecA primers were specific for E. 
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coU. The wecE and wecF primers enabled the detection of the most frequent species 
of the Enterobacteriaceae found in blood and urine specimens as well as in water. The 
sensitivity of the assay was approximately 1.2 x 10^ bacteria ml ' of water. 
Pan et al. (2002) reported a multiplex PCR with primers to detect the presence of the 
E. coli 0157:H7 genes hlyA, which produces enterohemolysin, eaeA (intimin), stxl 
(Shiga-like toxin I), stx2 (Shiga-like toxin II), fliC (fliagella H-antigen), and rjb 
(surface 0-antigen). 
A diagnostic procedure for identification of Shiga-like toxin (SLT) genes I and II 
from E. coli based on magnetic separation and quantitative measure of specific double 
stranded DNA fragments produced by a two-step triple primer PCR was developed 
(Olsvik et al., 1991; Olsvik and Strockbine, 1993). The test principle has been 
designated DIANA for Detection of Immobilized Amplified Nucleic Acid by 
Wahlberg et al. (1990). This principle has also been developed to a non-radioactive 
signal system by introducing parts of the lac operon (lacO) in one primer, and using 
binding of lac inhibitor protein (lacl) to the gene. This protein is fused with an 
enzyme and gives a substrate-induced signal (Lundeberg et al., 1990; Lundeberg et 
al., 1991). 
Staphylococcus aureus 
Staphylococci are ubiquitous microorganisms present in the respiratory tract and on 
the skin of a high percentage of adults. However, several population groups are at 
serious risk of suffering pathogenic staphylococcal infections. Within the genus 
Staphylococcus, S. aureus is one of the most commonly found pathogenic bacteria 
and is hard to eliminate from the human environment (Perez-Roth et al., 2001). It is 
responsible for many nosocomial infections, besides being the main causative agent of 
food intoxication by virtue of its variety of enterotoxins (landolo, 1989). Many 
healthy individuals are carriers of toxin producing strains of Staphylococcus aureus 
(Mehrotrae/o/., 2000). 
In food microbiology, detection of Staphylococcus aureus is of interest for different 
reasons. On one hand, the presence of this microorganism in food may serve as an 
indication for mishandling of the product, due to poor hygiene during processing. 
Sources of staphylococcal contaminations are both human carriers and contaminated 
processing equipment. The nasal carriage of S. aureus in healthy adults has been 
found to reach up to 30-50% (Williams, 1963). With respect to poultry, it has been 
43 
found consistently that the S. aureus strains on food products, after processing, largely 
originate from processing machinery (Notermans et ai, 1982). The organisms were 
shown to persist in the defeathering machinery as well as in eviscerating equipment. 
These results have been confirmed by others (Mead et ai, 1989) and it was 
demonstrated that the colonization of defeathering machinery is partially a reflection 
of the properties of S. aureus strains involved (Mead and Dodd, 1990). 
S. aureus is an important cause of human food poisoning all over the world (Bergdoll, 
] 983). Since some strains of S. aureus are able to produce heat-stable enterotoxins 
(SE), ingestion of food in which these strains have proliferated and formed toxin, may 
cause vomiting, nausea and diarrhoea. Using immunological methods, different types 
of SE have been recognized and designated alphabetically SEA onwards (Minor and 
Marth, 1976). For SEC, three immunological subtypes have been described (Avena 
and Bergdoll, 1967; Borja and Bergdoll, 1967; Reiser et al, 1984). In case of an 
outbreak of food poisoning, detection of SE in the food is a very strong indication that 
S. aureus is involved as the causative microorganism. If the presence of S. aureus is 
used as an indicator of food processing hygiene, <10^-10^ organisms per gram should 
be detected. For determination of the role of S. aureus as the causative organism in 
case of food poisoning, the presence of 10^ bacteria per gram of food should be 
determined. In the later situation, it is also necessary to demonstrate the 
enterotoxigenic character of the incriminated strain. 
No techniques are available for direct enumeration of enterotoxigenic S. aureus. First 
individual colonies have to be isolated which are then tested for the production of SE 
in a liquid culture. The first methods for detection of SE were biological assays such 
as the monkey- and kitten-feeding test. Since then various immunological detection 
methods for SE were developed based on gel diffusion (Gasman et ai, 1969), ELISA 
(Notermans et ai, 1978; Notermans et ai, 1983), reverse passive latex agglutination 
(Shingaki et ai, 1981; Park and Szabo, 1986) and immunoblotting (Orden et ai, 
1992). 
After the nucleotide sequences of the toxin genes had become available, colony 
hybridisation was successfully used for detection of enterotoxin genes using labelled 
synthetic oligonucleotide probes (Notermans et ai, 1988; Ewald et ai, 1990; Neill et 
ai, 1990; Jaulhac et ai, 1992). Since the presence of an enterotoxin gene in S. aureus 
shows a strong correlation to actual toxin production (Notermans et ai, 1988; Ewald 
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et al, 1990; Neill et al, 1990), detection of enterotoxin genes is a good alternative for 
establishing the toxin profiles of isolates. 
The use of PGR has been described to screen S. aureus cultures for the presence of 
enterotoxin genes (Johnson et al., 1991). PGR has also been used for detection of 
enterotoxigenic S. aureus in extracts of artificially contaminated food samples 
(Wilson e/a/., 1991). 
Letertre et al. (2003) described real-time fluorescence PGR assays for detecting and 
toxinotyping nine enterotoxin genes from S. aureus. A universal set of primers 
allowed sea, seb, sec, sed, see, seg, seh, sei and sej enterotoxin genes from S. aureus 
to be detected in a single real-time PGR assay with the LightGycler (LG) instrument. 
Using the universal forward primer and a type-specific reverse primer, real-time PGR 
assays allowed the S. aureus enterotoxin genes to be specifically genotyped. A 
collection of S. aureus isolates (n=83) was detected and further characterised for sea, 
seb, sec, sed, see, seg, seh, sei and sej using real-time PGR assays, and data were 
compared with those obtained by conventional block cycler PGR. Isolates were also 
tested for their ability to produce staphylococcal enterotoxins A, B, G and D by a 
commercial reversed passive latex agglutination (RPLA) test. 
Marcos et al. (1999) used primers based on aroA gene, which codes for 5-
enolpyruvylshikimate-3-phosphate synthase, to amplify a 1,153 bp DNA fragment 
followed by hybridization with an internal 536 bp DNA fragment probe, for the 
specific detection of S. aureus. They found a detection limit of 20 c.f u. when the 
cells were suspended in saline. However, the detection limit was 5 x 10^ c.f.u. when 
S. aureus cells were suspended in sterilized whole milk. Taql digestion of the 
amplified products rendered two different restriction fragment length polymorphism 
patterns with the strains tested, and these patterns corresponded to the two different 
patterns obtained by antibiotic susceptibility tests. 
Mehrotra et al. (2000) described two multiplex PGR primer sets, which can detect the 
presence of 10 staphylococcal genes simultaneously, in just two reactions. They 
incorporated primers specifically designed on the basis o f f e m A as an internal positive 
control for S. aureus Perez-Roth et al. (2001) have developed a multiplex PGR assay 
for the detection of clinically relevant antibiotic resistance genes viz., mecA, ileS-2 
and femB encoding high-level methicillin resistance, high-level mupirocin resistance 
and a factor essential for methicillin resistance, respectively. Tan et al (2001) 
described a real-time fluorescence PGR-based assay for the detection of S. aureus and 
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its methicillin resistant strains in blood. They used oligonucleotide primers and 
fluorescence-labeled probes designed for amplification and sequence-specific 
detection of a fragment of Sa442 and mecA gene. A PCR and sequencing assay was 
developed by Poyart et al. (2001) for species-level identification of coagulase 
negative Staphylococci. They used a single pair of degenerate primers to characterize 
a DNA fragment internal to the sodA gene which codes for the manganese-dependent 
superoxide dismutase. It was concluded that sodA gene constitutes a highly 
discriminative target sequence for differentiating closely related bacterial species. 
Letertre et al. (2003a) described the development of a strategy based on 5' nuclease 
> 
multiplex PCR for the rapid detection of nine enterotoxin genes {sea, seb, sec, sed, 
see, seg, seh, sei, sej) of S. aureus. The genotyping scheme consists in identifying 
these nine enterotoxin genes by three 5' nuclease Triplex-PCR assays. The strategy 
was evaluated using a collection of S. aureus reference strains previously examined 
with conventional PCR assays, and by testing previously characterized food S. aureus 
field strains. The 5' nuclease Triplex-PCR assays correctly detected the se genes in all 
the reference strains. In tests with field strains, there was generally excellent 
agreement with the results obtained by conventional PCR, except for some strains 
harbouring variant se genes. The detection limits of the Triplex-PCR assays evaluated 
using five-fold dilution of recombinant plasmids for each se gene ranged from 16 to 
2000 copies of target se genes in the PCR tube. The 5' nuclease Triplex-PCR assays 
developed are fast and specific, and provide a useful diagnostic tool for the detection 
and genotyping of se genes. The development of this method is an improvement that 
should facilitate epidemiological investigations of staphylococcal food poisoning 
outbreaks. 
A study was undertaken by Chen et al. (2003) to make a comparison of PCR assay, 
agar dilution and disk diffusion for detecting Staphylococcal mecA, femA genes. A 
total of 178 strains of Staphylococci were isolated from three large-scale hospitals in 
Chengdu. Disk diffusion and staphylococcal mecA, femA gene PCR assay for 
detecting MRSA were compared with Agar Dilution. The sensitivity and specificity of 
disk diffusion for detecting MRSA were 94.4% and 92.4%, respectively. The 
sensitivity and specificity of disk diffusion for detecting MRCNS (methicillin 
resistant coagulase negative staphylococci) were 89.5% and 73.7%, respectively. 
Compared with agar dilution, S. aureus mecA gene PCR assay's sensitivity and 
specificity were 91.7% and 95.5%, respectively. In all the 178 strains of 
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Staphylococci, mecA gene combining with femA gene PCR assay's specificity was up 
to 97.9%. It was concluded that the detection of femA gene together with mecA gene 
by PCR is not only an approach for differentiating MRSA from MRCNS, but also a 
rapid, highly specific method that can be used as an auxiliary method in clinical 
microbiological laboratory. 
Aspergillus species 
Five species of Aspergillus are known to produce aflatoxins, but Aspergillus flams 
and A. parasiticus are of most concern. Both of these fungi occur on a number of 
agronomic crops including com, peanuts, cottonseed, and tree nuts. Aspergillus flavus 
appears to be the more aggressive species and is more commonly isolated from 
infected plant tissue than A. parasiticus. Aspergillus flavus survives in the soil as 
mycelium, conidia, and as sclerotia, which are resistant resting structures. Besides 
producing a carcinogen, A. flavus is also a pathogen of insects, turkeys, and humans. 
Aspergillus flavus is the second leading cause of aspergillosis in the US, second to A. 
fiAmigatus. In some parts of the US Aspergillus flavus is as commonly isolated from 
infected lung tissue as/4.^/w/go/K^ (Payne, 1998). 
Tang et al. (1993) used PCR-based amplification of fragments of genes-encoding 
alkaline proteases from Aspergillus flimigatus and A. flavus to detect these organisms 
in bronchoalveolar lavage fluid specimens. The predicted size of the product (747 bp) 
after amplification of A. flimigatus was larger than that for A. flavus (690 bp). The 
reaction was highly sensitive and it was specific for A. fldmigatus and A. flavus. 
Bronchoalveolar lavage fluid from four immunosuppressed patients with proved or 
probable invasive pulmonary aspergillosis (IPA) was positive by this assay 
(sensitivity, 100%); in addition, the sample from one patient with possible IPA was 
PCR-positive. Only one specimen from 18 immunosuppressed patients with no 
evidence of IPA was PCR-positive (specificity, 94.4%). Five of 28 bronchoalveolar 
lavage samples from non-immunosuppressed patients were PCR-positive, probably 
representing colonization of the respiratory tract. 
In a study by Melchers et al. (1994), complete nucleotide sequences of the genes 
encoding the 18S rRNA of A. nidulans, A. terreus, A. niger, and A. flavus were 
elucidated and aligned to the sequences of A. fldmigatus and other clinically relevant 
prokaryotic and eukaryotic microorganisms. Genus-specific sequences could be 
identified in the V7 to V9 region of 18S rRNA. By using hot-start PCR, southern blot 
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hybridization, and restriction enzyme analysis, Aspergillus-s^Qc\T\c and -sensitive 
determination was achieved. Five of six immunosuppressed mice experimentally 
infected with A. fumigatus developed infection, and rRNA could be detected in each 
case, even in livers with the absence of positive cultures. Aspergillus species were 
detected by PGR in four neutropenic patients with proven aspergillosis, although 
Aspergillus species had been isolated from only one bronchoalveolar lavage (BAL) 
fluid sample. Aspergillus species were detected by PGR in two more patients 
suspected of having infection. Positive PGR signals were obtained from the BAL 
samples of 3 of 8 neutropenic patients who had developed pulmonary infiltrates, but 
none were obtained from the samples of 14 nonimmunosuppressed patients. These 
results indicate the potential value of PGR to detect Aspergillus species in BAL 
samples and, therefore, to identify neutropenic patients at risk for invasive 
Aspergillosis. 
Sandhu et al. (1996) developed 21 specific nucleic acid probes which target the large 
subunit rRNA genes from A. flavus, A. fumigatus, A. glaucus, A. niger, A. terreus, 
Blastomyces dermatitidis, Candida albicans, C. glabrata, C. guilliermondii, C. kefyr, 
C. krusei, C. lusitaniae, C. parapsilosis, C. tropicalis, Coccidioides immitis, 
Cryplococcus neoformans var. gattii, Cryptococcus neoformans var. neoformans, 
Filobasidiella neoformans var. bacillispora, F. neoformans var. neoformans, 
Histoplasma capsulatum, Pseudallescheria boydii, and Sporothrix schenckii. A 
section of the 28S rRNA gene from approximately 100 fungi, representing about 50 
species of pathogens and commonly encountered saprophytes, was sequenced to 
develop universal PGR primers and species-specific oligonucleotide probes. Each step 
in the process of detection and identification was standardized to a common set of 
conditions applicable without modification to all fungi of interest and all types of 
clinical specimens. These steps consist of DNA extraction by boiling specimens in an 
alkaline guanidine-phenol-Tris reagent, amplification of a variable region of the 28S 
rRNA gene with universal primers, and amplicon identification by probe 
hybridization or DNA sequencing performed under conditions identical for all fungi. 
The results obtained by testing a panel of fungal isolates and a variety of clinical 
specimens indicated a high level of specificity. 
Walsh et al. (1995) reported the application of single-strand conformational 
polymorphism (SSGP) as a technique to delineate the differences between fungal 
species and/or genera. Minor sequence variations in small single-stranded DNA cause 
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subtle changes in conformation, allowing these strands to be separated on 
polyacrylamide gels by SSCP. They used a 197 bp fragment amplified from the 18S 
rRNA gene, common to all medically important fungi. After amplification, the 
fragments were denatured and run on an aery lam ide-glycerol gel at room temperature 
or 4°C for 4.5 or 4 h, respectively. Under room temperature conditions, the SSCP 
patterns for Candida albicans, C. tropicalis, and C. parapsilosis were identical and all 
strains within each species demonstrated the same pattern. These patterns differed 
markedly from those of the genus Aspergillus. The SSCP patterns of major and minor 
bands at room temperature permitted distinction between strains of A. fiimigatus and 
A. flavus. There also was consistency of the SSCP banding pattern among different 
strains of the same Aspergillus species. The SSCP patterns for other medically 
important opportunistic fungi, such as Cryptococcus neoformans, Pseudallescheria 
boydii, and Rhizopus arrhizus, were sufficiently unique to permit distinction from 
those of C. albicans and A. fiimigatus. 
In a study by Shapira et al. (1996), three primer pairs, each complementing the coding 
portion of one of the genes, were generated. DNA extracted from mycelia of five 
Aspergillus species, four Penicillium species, and two Fusarium species was used as 
PCR template for each of the primer pairs. DNA extracted from peanut, com, and 
three insect species commonly found in stored grains was also tested. Positive results 
(DNA amplification) were achieved only with DNA of the aflatoxinogenic moulds A. 
parasiticus and A. flavus in all the three primer pairs. The detection limit of the PCR 
was determined by using the primer pairs complementing the sterigmatocystin-o-
methyltransferase (omt-l) and versicolorin A dehydrogenase (ver-l) genes. Sterile 
corn flour was inoculated separately with six different moulds, each at several spore 
concentrations. Positive results were obtained only after a 24-h incubation in enriched 
media, with extracts of corn inoculated with A. parasiticus or A. flavus, even at the 
lowest spore concentration applied (10^ spores per g). It was concluded that genes 
involved in the aflatoxin biosynthetic pathway might form the basis for an accurate, 
sensitive, and specific detection system, using PCR, for aflatoxinogenic strains in 
grains and foods. 
In a similar study by Farber et al. (1997), a PCR reaction was used to detect 
aflatoxinogenic A. flavus strains in contaminated figs. The reaction records the 
presence of three aflatoxin biosynthesis genes, namely the norsolorinic acid reductase 
(nor-1), versicolorin A dehydrogenase (ver-1) and sterigmatocystin-o-
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methyltransferase (pmt-A). The reaction gave a triplet pattern in the presence of DNA 
from A. flams isolated from pure cultures. The reaction gave the same PCR products 
when pure fungal DNA was mixed with pure DNA isolated from figs, but the 
sensitivity was reduced by a factor of 10. The same set of bands was observed when 
isolated DNA from infected figs was used as template DNA but no signal was visible 
when DNA from uninfected figs was used as template. 
Chen ei al. (2002) subjected 19 strains of A. flavus group, including/I. yZavwi, A. 
parasiticus, A. oryzae, A. sojae, and one A. niger to PCR testing in an attempt to 
detect four genes, encoding for norsolorinic acid reductase (nor-l), versicolorin A 
dehydrogenase (ver-1), sterigmatocystin 0-methyltransferase (omt-1), and a 
regulatory protein (apa-2), involved in aflatoxin biosynthesis. Concurrently, the 
strains were cultivated in yeast-malt (YM) broth for aflatoxin detection. Fifteen 
strains were shown to possess the four target DNA fragments. With regard to 
aflatoxigenicity, all seven aflatoxinogenic strains possessed the four DNA fragments, 
and five strains bearing less than the four DNA fragments did not produce aflatoxin. 
When peanut kernels were artificially contaminated with A. parasiticus and A. niger 
for 7 days, the contaminant DNA was extractable from a piece of cotyledon (ca. 100 
mg), and when subjected to multiplex PCR testing using the four pairs of primers 
coding for the above genes, they were successfully detected. The target DNA 
fragments were detected in the kernels infected with A. parasiticus, and none was 
detected in the sound (uninoculated) kernels or in the kernels infected with A. niger. 
An assay system was developed by Meletiadis et al. (2003) in which PCR 
amplification of the ITS-1 region of ribosomal DNA (rDNA) is combined with a 
reverse-hybridization line probe assay (LiPA) and used for the identification of six 
Candida species and four Aspergillus species in pure cultures of clinical isolates, as 
well as in bronchoalveolar lavage (BAL) fluid samples from 42 patients with various 
underlying diseases. The results were compared with the results obtained with 
conventional routine identification methods as well as with a commercial enzyme-
linked immunosorbent assay (ELISA) galactomannan detection assay and an 
Aspergillus-spcc\Tic PCR. No discrepancies between the PCR-LiPA system and 
routine methods were found for pure cultures of Candida and Aspergillus species 
except in the case of A. versicolor. In BAL fluid samples in which Candida species 
were cultured, the PCR-LiPA system identified more species than did the routine 
methods. When routine analysis of patient samples were supplemented by adding data 
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obtained by re-purifying and re-identifying cultures and by talcing isolates obtained 
from other body sites into account, the results agreed with PCR-LiPA system results 
in 81% of the cases (34/42). Most of the remaining discrepancies (6/8) involved cases 
in which such supplementary data were not available. In BAL fluid samples from 
which A. jumigatus was cultured, the agreement between the PCR-LiPA system and 
the routine methods was low. Only 2 of 11 BAL samples contained A. Jumigatus in 
ELISA and genus-specific PCR assays were positive in PCR-LiPA system. The PCR-
LiPA system enables the simultaneous detection and identification of different fungal 
species present in pure or mixed populations within 6 h in a single assay. 
Optimisation is required, however, before it is useful as a diagnostic tool in the 
clinical microbiology laboratory. 
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MATERIALS AND METHODS 
Chemicaiyreagent Source 
P-mercaptoethano I 
Agar Powder 
Agarose 
Bacillus cereus Agar 
Barritt's reagent A 
Barritt's reagent B 
Brain Heart Infusion broth 
Chloroform 
Crystal violet 
CTAB 
Czapek Dox Agar 
Decolorizer 
Deoxycholate Citrate Agar 
DNA Markers 
dNTP 
EC Broth 
£coRV 
Ethanoi (absolute) 
Ethidium bromide 
Glycerol 
Gram's iodine 
Guanidium thiocynate 
HiDi formamide 
HincW 
Hpa\ 
Hydrogen peroxide 
Isopropanol 
Kovac's reagent 
Luria Bertani Agar 
MacConkey's Agar 
HiMedia, India 
HiMedia, India 
Bio Basic, Canada 
HiMedia, India 
HiMedia, India 
HiMedia, India 
HiMedia, India 
E. Merck, Germany 
HiMedia, India 
Sigma-Aldrich, USA 
HiMedia, India 
HiMedia, India 
HiMedia, India 
Fermentas, Germany 
Bio Basic, Canada 
HiMedia, India 
Promega, USA 
E. Merck, Germany 
Sigma-Aldrich, USA 
Sigma-Aldrich, USA 
HiMedia, India 
Sigma-Aldrich, USA 
Applied Biosystems Inc., USA 
Promega, USA 
Promega, USA 
HiMedia, India 
E. Merck, Germany 
HiMedia, India 
HiMedia, India 
HiMedia, India 
52 
Chcmical/reagcnt Source 
Malachite green 
MgCl2(15 mM) 
Microcon-100 columns 
MR-VP broth 
PCR buffer (1 Ox) 
Prepman solution 
Rose Bengal Agar 
RRMix 
Safranin 
5aw3AI 
SDS 
Selenite F Broth 
SIM Agar 
Simmons Citrate Agar 
Sma\ 
Staphylococcus Agar 
Tag polymerase 
Triple Sugar-Iron Agar 
Tryptone Soya Agar (TSA) 
Template Suppression Reagent (TSR) 
HiMedia, India 
Bio Basic, Canada 
Millipore, USA 
HiMedia, India 
Bio Basic, Canada 
Applied Biosystems Inc., USA 
HiMedia, India 
Applied Biosystems Inc., USA 
HiMedia, India 
Promega, USA 
Sigma-Aldrich, USA 
HiMedia, India 
HiMedia, India 
HiMedia, India 
Promega, USA 
HiMedia, India 
Bio Basic, Canada 
HiMedia, India 
HiMedia, India 
Applied Biosystems Inc., USA 
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Growth media 
The composition per litre of the growth media used is as follows. 18 g of agar per liter 
was added for preparation of solid media: 
Brain Heart Infusion broth (BHI, pH 7.4) 
Infusion from calf brain 200 g; Infusion from beef brain 250 g; Bacto peptone 10 g; 
Dextrose 2 g; Sodium chloride 5 g; Disodium phosphate 2.5 g 
Luria Bertani broth (LB, pH 7.2) 
Bacto tryptone 10 g; Bacto yeast extract 5 g; Sodium chloride 10 g 
Nutrient broth (M3, pH 7.2) 
Bacto peptone 10 g; Beef extract 5 g; Sodium chloride 5 g 
Eosine Methylene Blue agar (EMB, pH. 7.2) 
Bacto peptone 10 g; Lactose 5 g; Dipotassium phosphate 2 g; Eosin Y 0.4 g; 
Methylene blue 0.065 g; Agar 15 g 
MacConkey's agar (pH 7.1) 
Bacto peptone 17 g; Proteose peptone 3 g; Lactose 10 g; Bile salt mixture 1.5 g; 
Sodium chloride 5 g; Neutral red 0.03 g; Crytal violet 0.001 g 
MR-VP broth (pH 6.9) 
Bacto peptone 7 g; Dextrose 5 g; Potassium phosphate 5 g 
Nitrate broth (pH 7.2) 
Bacto peptone 5 g; Beef extract 3 g; Potassium nitrate 5 g 
Phenol Red Sugar broth (pH 7.3) 
Bacto tryptone 10 g; Sugar 5 g; Sodium chloridc 5 g; Phenol red 0.018 g 
where the sugar is Dextrose, Lactose or Sucrose. The media were autoclaved at 12 lb 
for 15 min. 
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Sabouraud's medium (pH 5.6) 
Bacto peptone 10 g; Dextrose 40 g 
SIM medium (pH 7.3) 
Bacto peptone 30 g; Beef extract 3 g; Ferrous ammonium sulphate 0.2 g; Sodium 
thiosuiphate 0.035; Agar 3 g 
Simmons Citrate medium (pH 6.9) 
Ammonium dihydrogen phosphate 1 g; Dipotassium phosphate 1 g; Sodium chloride 
5 g; Sodium citrate 2 g; Magnesium sulphate 0.2 g; Brom thymol blue 0.08 g 
Triple Sugar-Iron agar (TSI, pH 7.4) 
Beef extract 3 g; Bacto yeast extract 3 g; Bacto peptone 15 g; Proteose peptone 5 g; 
Lactose 10 g; Sachharose 10 g; Dextrose 1 g; Ferrous sulphate 0.2 g; Sodium chloride 
5 g; Sodium thiosuiphate 0.3 g; Phenol red 0.024 g 
Triptone Soy agar 
Bacto tryptone 15 g; Phytane 5 g; Sodium chloride 5 g 
Urea broth 
Urea broth concentrate (filter sterilized solution) 100 ml. Urea broth was aseptically 
added to the sterilized and cooled distilled water and 3 ml aliquots were dispensed in 
sterile tubes. 
Staining reagents 
Crystal Violet 
Solution A 
Crytal violet 2 g; Ethyl alcohol (95% v/v) 20 ml 
Solution B 
Ammonium oxalate 0.8 g; Distilled water 80 ml 
Solutions A and B were mixed 
Gram's Iodine 
Iodine 1 g; Potassium iodide 2 g; Distilled water 300 ml 
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Safranin 
Safranin O 0.25 ml; Ethyl alcohol (95% v/v) 
Malachite Green 
Malachite green 5 g; Distilled water 100 ml 
Biochemical test reagents 
Barrit's reagent 
Solution A 
a-naphthol 5g; Absolute alcohol 95 ml 
a-naphthol was dissolved in absolute alcohol with constant shaking 
Solution B 
Potassium iodide 40 g; Creatine 0.3 g. Distilled water was added to make the final 
volume of 100 ml. 
Diphenylamine reagent 
Diphenylamine 0.7 g; Cone. Sulphuric acid 60 ml; Distilled water 28.8 ml; Cone. 
Hydrochloric acid 11.3 ml. Diphenylamine was dissolved in the mixture of Sulphuric 
acid and distilled water. The solution was cooled and conc. Hydrochloric acid was 
added slowly. The reagent was allowed to stand for 12 h. 
Ferric chloride reagent 
Ferric chloride 10 g; Distilled water 100 ml 
Hydrogen peroxide reagent 
3% (v/v) hydrogen peroxide 
Kovac's reagent 
p-Dimethyiaminobenzaldehyde 5 g; Amyl alcohol 75 ml; Conc. Hydrochloric acid 25 
ml 
p-Dimethylaminobenzaldehyde was dissolved in Amyl alcohol followed by the 
addition of conc. Hydrochloric acid 
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McFarland solution 
1% (w/v) Barium chloride 0.1 ml; 1% (v/v) Sulphuric acid 9.9 ml (corresponds to 300 
million bacteria per ml). 
Methyl red solution 
Methyl red 0.1 g; Ethyl alcohol 300 ml; Distilled water 200 ml 
Nitrate test solutions 
Solution A 
Sulphanilic acid 8 g; 5 N Acetic acid 1 litre 
Solution B 
a-Naphthyfamme 5 g; 5 N Acetic acid f litre 
Oxidase reagent 
Tetramethyl-/?-phenylenediamine 0.5 g; Distilled water 50 ml 
Solutions and buffers 
1.0 M Tris.CI (pH 8.0) 
121 gl"' Tris. pH was adjusted with dilute HCl 
0.5 M EDTA (pH 8.0) 
186 gl"' EDTA. pH was adjusted with 2 N NaOH 
TE Buffer (pH 8.0) 
10 mM Tris.CI (pH 8.0), 1 mM EDTA (pH 8.0) 
CTAB Extraction Buffer 
1% (w/v) CTAB; 50 mM Tris.CI (pH 8.0); 10 mM EDTA (pH 8.0); 0.7 M Sodium 
chloride 
5 fil of (3-mercaptoethanol was added to 500^1 extraction buffer just before use 
GES reagent 
5 M Guanidine thiocyanate; 0.1 M EDTA (pH 8.0); 30% (w/v) sarcosyl 1.7 ml 
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Distilled water was added to make a final volume of 100 ml 
TAE buffer 
Concentrated stock solution (50 x) 
Tris base 242 g; Glacial acetic acid 57.1 ml; 0.5 M EDTA (pH 8.0) 100 ml 
Working solution (1 x) 
0.04 M Tris acetate; 0.001 M EDTA (pH 8.0) 
DNA Loading bufler 
40% (w/v) Sucrose, 0.25 % (w/v) Xylene cyanol; 0'.25% (w/v) Bromophenol blue 
5 M NaCI 
292 gl"' Sodium chloride 
3 M Sodium acetate (pH 5.6) 
246.09 gl ' Sodium acetate 
pH was adjusted with Glacial Acetic acid 
7.5 M Ammoniuin acetate 
gl"' Ammonium acetate 
Normal Saline Solution (NSS) 
0.85% (w/v) Sodium chloride in MQ water 
Bacterial strains 
A total of 116 strains of bacterial and fungal cultures were used in this study. The 
bacterial cultures were grown on Tryptone Soya Agar (TSA) at 37°C and the fungal 
cultures on Sabouraud Dextrose Agar (SDA) at 28''C. The cultures were also 
maintained in glycerol (15% v/v) normal saline [0.85% NaCI (w/v)] at -70°C. 
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Template preparation for PGR 
Thermal extraction method 
Templates were usually prepared from pure cultures of the bacterial species by the 
thermal extraction method. Cell pellet from 1 ml of the liquid culture or a single 
colony on the agar medium was suspended in 100 to 500 fil of Millipore-sterilized 
(MQ) water, vortexed vigorously and incubated in a dry bath at 100°C for 10 min. 
The mixture was immediately transferred to an ice bath and left for 3 min. The 
resultant cell lysate was centrifuged at 10,000 x g for 5 min and 2 nl of the 
supernatant was directly used in a 20 PCR reaction. 
Prepman method 
This method was used for template preparation from fungal as well as bacterial 
cultures. A small pellet of fungal mycelia or bacterial growth was suspended in 100 nl 
of the Prepman solution. The contents were thoroughly vortexed and incubated at 
100°C for 10 min. The cell debris was spinned down at 10,000 x g for 5 min and 2 nl 
of the supernatant was used as template in a 20 |il PCR reaction. For template 
preparation from water, aliquots of water were centrifuged at 10,000 x g for 5 min to 
pellet down the cells. The pellets were suspended in 10 |il of the Prepman solution 
and templates prepared as described above. 
Template preparation from blood 
Genomic DNA isolation kit (M/S Bio Basic, Canada) was used for the isolation of 
DNA from 250 nl aliquots of blood spiked with different numbers of organisms of 
Salmonella. This kit is generally used for extraction of DNA from blood cells and 
tissue. 
Genomic DNA isolation from bacteria by GES method 
Wherever necessary, the assay was performed by using isolated chromosomal DNA. 
For the extraction of chromosomal DNA, the cultures were grown for 3-6 h in 
Nutrient broth and DNA isolated by GES method (Pitcher et at., 1989). Briefly, cells 
were pelleted from 3.0 ml of liquid culture at 10,000 x g for 5 min. The supernatant 
was discarded and the pellet was suspended in 50 |il of TE buffer (pH 8.0) containing 
50 mg ml"' lysozyme and incubated at 37°C for 15 min. 450 pi of GES solution was 
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added and the contents were mixed thoroughly, followed by the addition of 250 )il 
chilled 7.5 M ammonium acetate. After incubation on ice bath for 15 min, the samples 
were thrice extracted with 500 of chloroform. The DNA in the supernatant was 
precipitated with 1 ml isopropanol and pelleted at 18,000 x g for 15 min. The pellet 
was washed with 70% (v/v) ethanol, dried under vacuum and dissolved in 10-50 
Millipore-sterilized water or TE (pH 8.0). 1-10 ng of DNA was normally used in a 20 
Hl reaction assay. 
Genomic DNA isolation from fungi by CTAB method 
The fungus was grown in 100 ml of Sabouraud Dextrose Agar at 28°C with constant 
shaking for 3 days and the mycelia were harvested by filtration. The mycelia were 
freeze-dried for 5-6 h. 6 ml of CTAB extraction buffer and 60 nl of yS-
mercaptoethanol were added and the contents were mixed thoroughly. After an 
incubation of 65°C for 45 min, the contents were allowed to cool. This was followed 
by an extraction with equal volume of chloroform at 10,000 x g for 10 min. The 
supernatant was added to a sterile centrifuge tube and an equal volume of isopropanol 
was added and mixed gently. The DNA was spooled out with a fine capillary or 
pelleted by centrifugation. The isopropanol was drained and the DNA pellet was 
washed with 70% (v/v) ethanol. The DNA pellet was vacuum dried and dissolved in 
100 nl of TE (pH 8.0) or Millipore-sterilized water. 
Quantification of DNA 
Absorbance of the purified DNA at 260 nm and 280 nm were taken at appropriate 
dilutions and the concentration calculated as follows: 
A26oofl = 50 ng DNA x dilution factor 
The purity of the DNA was calculated by taking the ratio of A260/A280, where A is the 
absorbance. 
Primer designing 
Oligonucleotide primers were usually designed manually or using DNASTAR 
"PrimerSelect" software (Lasergene, USA). The primers were designed such that the 
annealing temperature for each was around 60°C and the G + C content around 50%. 
The sequences of the designed primers were aligned to the sequences present in the 
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public domain (GenBank) to find the homology, if any, with the genomes of other 
bacterial species. Only those primers were selected that did not show considerable 
homology with the DNA sequences of the non-target bacteria. The primers were 
custom synthesized by M/S Bio Basic Inc., Canada. All the primers were resuspended 
in sterile Millipore water diluted to a concentration of 10 pmol [il"' and were stored at 
-20°C. 
For the detection of Bacillus cereus in some samples, primers used were received 
from CFTRI, Mysore. The primers were based on Phospholipase C gene (PL-l), with 
5' GAGTTAGAGAACGGTATTTATGCTGC 3' and 5' 
CTACTGCCGCTCCATGAATCC 3' as forward and reverse primers, respectively. 
The cycling conditions used were 94°C, 3 min followed by 30 cycles of 94°C for 10 
sec; 55°C for 15 sec; 72°C for 30 sec and a final extension of 72°C for 5 min. This 
PGR gave rise to a 413 bp amplified product with DNA from B. cereus as template. 
PGR assays 
Polymerase chain reactions were performed using extracted DNA or crude cell lysates 
as described by Saiki et al. (1988). All the reaction components were thawed in an ice 
bath and spinned briefly prior to the assay. The reactions were set up in a bio-hood 
using sterile filter-guard microtips and thin-walled PGR tubes. Usually a 20 nl 
reaction assay mixture was prepared containing 1 x PGR buffer, 200 nM each dNTP, 
1.5 mM MgGb, 10 pmol of each primer, 1-10 ng of DNA and 1 U of Tag DNA 
polymerase. The PGR's were performed in Mastercycler gradient (Eppendorf, 
Germany). A PGR reaction with all reaction components without DNA or with non-
specific DNA was always run as a negative control in order to rule out any carry over 
contamination. PGR reactions were always set up in a closed chamber and the PGR 
products were examined and processed in another dedicated chamber so as to prevent 
the carry-over contamination. Each reaction was run at least three times to check the 
reproducibility of the results. 
Standardization of PGR conditions 
The cycling conditions of the PGR reactions were standardized by using gradient 
PGR. Reactions with each primer were run with annealing temperatures ranging from 
55 to 65°G. The products were run on a 1% (w/v) agarose gel to visualize the 
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specificity of the reaction and the intensity of the product. The highest temperature at 
which the reaction generated the most intense PCR product was selected as the 
annealing temperature. Further, reaction parameters like the concentrations of MgCb, 
primers and DNA and various cycling times were tried to find out best-suited 
parameters for the reaction. The reaction conditions were further fine tuned where a 
template used in exclusivity testing produced any amplified band of even a weak 
intensity. 
Determination of PCR specificity 
Templates from different strains or serotypes of the organism of concern were 
subjected to the standardized PCR reactions for inclusivity testing and a panel of other 
bacteria was used for exclusivity testing. 
Salmonella spp. 
The PCR reactions were standardized on the templates prepared from S. typhimurium. 
The cultures used for the inclusivity PCR tests consisted of 19 strains of Salmonella 
comprising of 13 serovars (Table 1). All the other bacterial strains used in this study 
were also used for the exclusivity PCR testing for this detection assay. 
E. coli and Shigella spp. 
The PCR reactions were standardized on the templates prepared from Shigella 
dysenteriae and E. coli ATCC 25922. 13 strains of E. coli and 6 strains of Shigella 
(Table 2) were used for the inclusivity PCR tests. All the other bacterial strains used 
in this study were also used for the exclusivity PCR testing of this assay. 
Staphylococcus aureus 
The PCR reactions were standardized on the templates prepared from S. aureus 
ATCC 29313. In the inclusivity PCR testing, 6 strains of the organism were used 
(Table 3). All the other bacterial strains used in this study were also used for the 
exclusivity PCR tests. 
Aspergillus flavus and A. parasiticus 
Aspergillus flavus MTCC 1973 and A. parasiticus MTCC 2796 were used for 
standardization of PCR reactions. 6 strains of A. flavus and 2 strains of A. parasiticus 
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were used in the inclusivity PGR testing. 16 other fungal isolates were used in the 
exclusivity test reactions (Table 4). 
Table 5 lists the other bacterial cultures that were used for exclusivity test reactions in 
all PGR protocols developed for the detection of bacterial pathogens in this study. 
Estimation of PGR sensitivity 
A suspension of approximately 3 x 10® bacteria per ml was prepared from the 
bacterial culture, in log phase of growth, by comparing the turbidity with the standard 
McFarland solution. Serial dilutions of this suspension were made to prepare 
<3 fi 
suspensions of different bacterial concentrations varying from 3 x 10-3 x 10 cells 
ml"'. Aliquots of 0.1 ml from the appropriate dilutions were spread inoculated on TSA 
plates to confirm the bacterial counts. Templates were prepared from aliquots with 1 
cell to 10^ cells and subjected to PGR. The lowest number of cells that could be 
detected by PGR was taken as the sensitivity of the reaction. 
In case of A. flavus and A. parasiticus, the genomic DNA was quantified and various 
concentrations starting from 1 fg were subjected to PGR. The lowest concentration of 
DNA that could be detected by PGR was taken as the sensitivity of the reaction. 
Identification by 16 S rDNA sequencing 
The first step in the identification of bacteria by 16 S rDNA sequence analysis is the 
amplification of the gene. Forward primer, 5' GAGGAGGGGGGGTAATAG 3' and 
the reverse primer, 5' AGGAGGTGAGGAGAGGGATG 3' were used to amplify a 
500-700 bp fragment of this gene. The PGR conditions used were initial denaturation 
at 94°G for 3 min followed by 30 cycles of 94°G for 15 sec; 60°G for 15sec; 72°G for 
30 sec and a final extension of 72''G for 5 min. The 50 nl reaction mixture contained 1 
X PGR buffer, 200 jxM each dNTP, 1.5 mM MgGb, 10 pmol of each primer, 1-10 ng 
of DNA and 2.5 U of Taq DNA polymerase. 5 nl of the amplified product was run on 
1% (w/v) agarose gel for determination of molecular weight and visualization of the 
product. The PGR product was purified, the concentration of the product estimated 
and processed for sequencing. In the sequencing PGR reaction either the forward or 
the reverse primer was used. The sequence was edited and aligned with the sequences 
in the Public domain (GenBank) by BLASTN program (Altschul et al, 1997). Based 
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on the sequence similarity with the 16 S ribosomal genes of known organisms, the 
organism was granted a genus and a species. 
DNA sequencing 
Amplification 
To sequence the PCR products, 20 nl reaction of each was run in triplicate. The PGR 
products of the three reactions were mixed and 10 nl checked on a 1% (w/v) agarose 
gel. The remaining product was purified for DNA sequencing. 
PCR product purification 
The purification of PCR products was carried out with the help of Microcon-100 
columns. The procedure, as given by the manufacturer, was slightly modified to 
obtain better results. Briefly, the Microcon column was fixed in a sterile 1.5 ml 
eppendorf tube and 100 |il of sterile Millipore water was placed onto the filter. The 
filter assembly was centrifuged at 3,000 x g for 5 min. The filtrate was discarded and 
the column was again fitted in the same eppendorf tube. The PCR product to be 
purified was diluted with Millipore-sterilized water to make a final volume of 500 nl 
and loaded onto the column. The filter assembly was again centrifuged at 3,000 x g 
for 15 min and the filtrate was discarded. To retain the purified PCR product from the 
filter, 20 nl of Millipore-sterilized water was placed onto the filter and kept at room 
temperature for 3 min. The column was then placed into a sterile 1.5 ml eppendorf 
tube in an inverted position and the filter assembly was centrifuged at 1,000 x g for 2 
min. 5 nl of the purified product thus obtained was run on 1% (w/v) agarose gel to 
examine the product. The product was quantified by spectrophotometric analysis. 
Sequencing PCR 
The Big Dye Terminator sequencing kit (BDT ver. 2) was used in the sequencing 
reaction. The 20 nl sequencing PCR assay consisted of 8 |il Ready Reaction Mix (RR 
mix), 3.2 pmol of the forward or the reverse primer and 3-100 ng of the purified 
product, depending upon its size. 25 cycles of 96°C for 10 sec; 50°C for 5 sec and 
60°C for 4 min were performed in a thermocycler (Mastercycler Gradient, Eppendorf, 
Germany) and the extension products were processed for purification. 
64 
Purification of the extension products 
To the 20 product of the sequencing PGR, 80 of sterile Millipore water was 
added to mai<e up the volume to 100 jil. 250 nl of absolute ethanol and 10 |il of 3 M 
Sodium acetate (pH. 4.6) were added to the diluted extension product. The contents 
were mixed gently and centrifuged at 18,000 x g for 20 min. The supernatant was 
discarded and the pellet was washed with 250 nl of 70% (v/v) ethanol twice at 18,000 
X g for 5 min. Hie supernatant was again discarded and the pellet was dried under 
vacuum. The pellet was dissolved in 12 jil of Template Suppressing Reagent (TSR) or 
HiDi formamide and incubated at 94°C for 2 min in a dry bath. The tubes were 
immediately put on an ice bath before loading the samples on the DNA sequencer. 
Sequencing and sequence analysis 
The samples were loaded onto the ABl Prism 310 Genetic Analyzer (Perkin-Elmer) 
for sequencing using the Big Dye Terminator chemistry. The DNA sequences thus 
obtained were edited, if necessary, assembled and analyzed by Autoassembler 
software (Applied Biosystems Inc., USA) and DNASTAR software (Lasergene, 
USA). The sequences were aligned to those in the public domain (GenBank) by using 
the program BLASTN (Altschul et al, 1997). 
Agarose gel electrophoresis 
For the routine visualization of chromosomal DNA, PGR products and restriction 
profiles, the technique of Agarose gel electrophoresis was used. Genomic DNA was 
run on a 0.7% (w/v) agarose gel, whereas the PGR products and restriction digestion 
products were run on 1-1.5% (w/v) agarose gels. Ethidium bromide at the 
concentration of 0.5 ng ml ' was incorporated while casting the gel. Each DNA 
sample was mixed with 0.3 volumes of loading dye in an eppendorf tube and loaded 
in the well of the agarose gel immersed in 1 x TAE buffer in the electrophoretic 
chamber. Electrophoresis was carried out at 100 V and 70 mA for 1.5 h. The gels 
were examined under UV light in a gel documentation system and documented with 
the help of Liscap software (Pharmacia Biotech., USA). 
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Restriction digestion of PGR products 
The restriction profiles of the DNA sequences of the amplicons were studied by 
DNASTAR software (Lasergene, USA). A restriction enzyme with a single site in the 
DNA sequence of the amplicon was selected and used for confirmation of the PGR 
product. The 20 i^l PGR product was subjected to restriction digestion without any 
purification step. The 30 restriction assay consisted of 1 x restriction buffer, 10 U 
of the enzyme and 20 nl of the PGR product. The reaction tubes were incubated in a 
water bath at 37°G for 3 h and the products were run on a 1.5% (w/v) agarose gel to 
examine the restriction profiles. The restriction enzymes used in this study were Hpa\. 
Sau'iM, Sma\, EcoKM and HincW. 
Gollection of food samples 
Samples of walnut kernels were collected in sterilized polythene bags from five post-
harvest processing units and ten source villages of Jammu and Kashmir. The samples 
of pasteurized apple juice concentrate were received in their original packs of 1 Kg or 
in sterilized glass bottles from different processing plants of the state. All the samples 
of apple juice concentrate were pasteurized, clear, fresh, without any preservatives 
and having a pH and sugar concentration of 3.4-3.6 and 72 Brix, respectively. Raw 
milk samples were collected in sterilized glass bottles from various locations of the 
local market of Jammu. The samples were carefully transported to the laboratory in an 
icebox and stored at 4°G. Spiked samples of 11% skimmed milk were transported 
from NIGED, Kolkata in dry ice and stored at 4°G. The time between sample 
collection and initial processing did not exceed 12 h. 
Enumeration of microorganisms 
The samples were homogenized and emulsified by suspending 10 ml or 10 g of the 
sample in 90 ml of sterilized normal saline solution (NSS). Serial dilutions of the 
sample were made and appropriate dilutions were plated on Triptone Soya Agar and 
Luria Bertani Agar for viable count. The media used for mould count were Rose 
Bengal Agar and Gzapek Dox Agar. The viable count and mould count were recorded 
as colony-forming units per gram or per ml of the sample (Roberts et ai, 1995). 
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Isolation of pathogens 
For the isolation of food-borne pathogens, aliquots of samples or their appropriate 
dilutions were plated on MacConkey's agar, Staphylococcus agar and Bacillus cereus 
agar. The plates were incubated at 37®C for 24-48 h. The visible colonies were scored, 
picked up, purified and identified on the basis of morphological, cultural and 
biochemical characteristics (APHA, 1992). 
For the isolation of E. coli and other coliforms, 10 ml aliquots of the sample or its 
appropriate dilution were added to double strength MacConkey's broth and incubated 
at ZTC for 48 h. O.I ml of the broth from all such tubes producing acid and gas were 
added to EC broth and incubated at 44.5 ± 0.2°C for 24 h in a water bath shaker. For 
the isolation of Salmonella spp., enrichment was obtained in Selenite F broth followed 
by streaking the liquid broth on Deoxycholate Citrate Agar. Characteristic colonies of 
Salmonella were picked up and purified. The bacterial isolates were finally identified 
by morphological, cultural and biochemical characteristics, and the fungal isolates by 
morphological and microscopic characteristics (APHA 1992; Cappiccino and 
Sherman, 1996). 
Enrichment for PGR 
When DNA was not directly extracted from the samples, seeded or unseeded, they 
were given enrichment before preparation of templates prior to PCR. 1 ml of each 
sample was inoculated into 10 ml of Brain Heart Infusion Broth and incubated at 37°C 
for 6-8 h. The cells were harvested from 1 ml of the culture broth and washed with 
sterile Millipore water. The cell lysates were prepared by thermal extraction in sterile 
water as described above. 
Morphological and biochemical tests 
Gram Staining 
A smear of the bacterial culture was prepared on a clean glass-slide using sterile 
techniques. The smear was heat-fixed gently, flooded with crystal violet for 1 min and 
washed with tap water. Gram's iodine was applied to the smear for 1 min and washed 
again. Decolorizer (95% ethyl alcohol) was then added drop by drop until crystal 
violet failed to wash from the smear. The slide was washed again under the streamline 
flow of tap water and safranin was applied for 45 sec to counter-stain the cells. After 
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t h e f i n a l w a s h , t h e s l i d e w a s a i r - d r i e d a n d e x a m i n e d i n o i l i m m e r s i o n u n d e r a l i g h t 
m i c r o s c o p e . 
Spore staining 
A smear of the bacterial culture was prepared on a clean glass-slide. The slide was air-
dried and the smear was heat fixed gently. Malachite green was applied to the smear 
in excess and placed on a warm hot plate, allowing the preparation to steam for 3 min. 
The stain was replenished to avoid evaporation. The slide was cooled and washed 
with tap water and counter-stained with safranin for 30 sec. The slide was air-dried 
and examined under oil immersion. The spores were found to take up the green colour 
of the primary stain whereas the vegetative cells took up that of the counter-stain. 
Triple Sugar-Iron Agar test and H2S production 
The culture was inoculated into the slant of Triple Sugar-Iron Agar slant by means of 
stab-and-streak inoculation and inoculated at 37°C for 24 h. The slants were examined 
for acid and gas production and results recorded as per protocols given by Cappiccino 
and Sherman (1996). 
Indole production, Motility and H2S production 
For the detection of indole production, the culture was stab inoculated into the SIM 
agar deep tubes and incubated for 24-48 h at 3 7 ^ . The presence of indole was 
detected by the addition of 10 drops of Kovac's reagent, which produces a cherry red 
reagent layer in the positive cultures. Further, delocalized bacterial growth in this 
medium indicated the motile nature of the organism. The presence of black 
colouration was taken as a confirmation for the production of H2S. 
Methyl red and Voges-Proskauer tests 
The culture was inoculated into 3 ml of MR-VP broth and incubated for 24 h at 37''C. 
5 drops of methyl red indicator were added to 1 ml aliquot of this culture. The 
production of red colour was taken as a positive Methyl red test. To the other aliquot 
of the MR-VP broth culture, 10 drops of Barritt's reagent A were added and mixed 
gently. Immediately, 10 drops of Barritt's reagent B were added and mixed again. The 
development of pink colour within 15 min was taken as a Voges-Proskauer positive 
test. 
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Citrate utilization 
The bacterial culture was streak-inoculated into the Simmons Citrate Agar slants and 
incubated for 24-48 h at 37°C. The growth of the culture and development of blue 
colour indicated a citrate positive test. 
Urease test 
The bacterial culture was inoculated into 5 ml of urea broth and incubated at 37°C for 
24-48 h. The development of deep pink colour indicated the presence of urease 
activity. 
Nitrate test 
3 ml of nitrate broth was inoculated with the test organism and incubated at 37°C for 
24 h. 5 drops of each, solution A (sulphanilic acid) and solution B (a-naphthylamine) 
were added. The development of red colour indicated a positive test. The samples that 
did not generate a red colour were subjected to further confirmation for a negative 
test. With the addition of a pinch of zinc powder, the true negative tests gave a red 
colour. Failure to develop a red colour with the addition of zinc indicated a positive 
reaction. 
Catalase test 
The bacterial culture was streak-inoculated in Triptone Soya Agar slants and 
incubated at 37°C for 24 h. 3 drops of 3% (v/v) H2O2 were added. The instant 
generation of bubbles or foam indicated a positive test for catalase. 
Oxidase test 
The bacterial culture was streak-inoculated into Triptone Soya Agar slants and 
incubated at 37°C for 24 h. A few drops of oxidase reagent were added to a filter 
paper strip. A loopful of the test organism is smeared into the reagent zone of the 
filter paper. The development of deep blue colour within 1 0 - 1 5 sec indicated an 
oxidase positive test. 
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Table 1 : Bacterial cultures used for inclusivity PGR tests ior Salmonella 
Serotypes of Salmonella No. of isolates 
tested 
Source 
S. typhi 2 AIIMS 
S. typhimurium 4 AIIMS 
S. typhimurium 1 NICED 
S. typhimurium 1 BIK 
S. paratyphi A 2 AIIMS 
S. paratyphi B 2 AIIMS 
S. choleraesuis MTCC 660 1 MTCC 
S. bovismorbifican MTCC 1162 I MTCC 
S. brunei MTCC 1168 1 MTCC 
S. infantisUTCC 1167 1 MTCC 
5'. virchow MTCC 1163 1 MTCC 
S. enteritidis 1 NICED 
S. infantis 1 BIK 
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Table 2: Bacterial cultures used for inclusivity PGR tests for E. coli and Shigella 
Species No. of isolates Source 
E. coli ATCC 25922 1 ATCC 
E. CO/ /0 1 5 7 : H7 ATCC 35150 2 ATCC 
E. coli DH5a 1 RRL repository 
E. coli mm 1 RRL repository 
E. CO//JM110 1 RRL repository 
£ CO//JM101 1 RRL repository 
E coli SURE 1 RRL repository 
E. coli (clinical isolates) 5 ASCOMS 
S. dysenteriae 2 AIIMS 
S. jlexneri 2 AIIMS 
S.flexneri ATCC 12022 1 ATCC 
S. Jlexneri 1 BIK 
S. sonnei MTCC 2957 1 MTCC 
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Table 3: Bacterial cultures used for inclusively PGR tests for Staphylococcus 
aureus 
Species No. of isolates Source 
S. aureus MCC 29313 1 ATCC 
S. aureus FRl 722 1 NICED 
S. aureus 1 BIK 
S. aureus 450 1 RRL repository 
S. aureus 33 1 RRL repository 
S. aureus 15187 1 RRL repository 
S. aureus FRI 722 1 CFTRI 
S. aureus 1 AllMS 
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Table 4: Fungal cultures used for inclusivity and exclusivity PGR tests for the 
detection oiAspegillus flavus/A. parasiticus 
Species No. of isolates Source 
A.Jlavus ATCC46283 1 ATCC 
A.flavusMTCC\912 1 MTCC 
A.Jlavus MTCC2799 1 MTCC 
A.flavus NCIM645 1 CFTRI 
A. flavus 1 RRL repository 
A.flavus 2 CFTRI 
A. parasiticus FR223 1 CFTRI 
A. parasiticus MTCC2796 1 MTCC 
A. niger I RRL repository 
A.fumigatus 2 RRL repository 
Trichoderma spp. 5 RRL repository 
Rhizopus sp. 1 RRL repository 
Mucor sp. I RRL repository 
Other non-Aspergillus isolates 10 Isolated from food 
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Table S: Other bacterial strains used in this study 
Species No. of isolates Source 
Enterococcus faecalis ATCC 21777 1 ATCC 
Enterococcus faecalis ATCC 29212 1 ATCC 
Enterococcus faecalis SP 346(VRE) 1 RRL repository 
Enterococcus faecium 6A 1 RRL repository 
Staphylococcus epidermidis ATCC 12228 1 ATCC 
Staphylococcus hemolyticus ATCC 29978 1 ATCC 
Staphylococcus saprophyticus ATCC 15305 1 ATCC 
Streptococcus pyogenes 1 RRL repository 
Klebsiella pneumoniae ATCC 75388 I ATCC 
Klebsiella aerogenes MTCC 1 MTCC 
Klebsiella rhinoscleromatis MTCC 1 MTCC 
Pseudomonas aeruginosa ATCC27853 1 ATCC 
Bacillus cereus CFTRl 
Bacillus cereus 1 NICED 
Listeria monocytogenes ATCC 15313 1 ATCC 
Citrobacter spp. • 2 RRL repository 
Enterobacter spp. 2 RRL repository 
Other Gram positive, coagulase negative 
bacteria 
20 RRL repository 
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RESULTS 
Template preparation for PCR 
Several methods were employed for the preparation of templates from cultures as well 
as food samples. PCR could be efficiently carried out with templates prepared by 
thermal extraction method and Prepman method from bacterial cultures. The thermal 
extraction method did not work when applied to fungal cultures, whereas templates 
prepared by the Prepman method were found suitable for PCR. Purified genomic 
DNA was extracted, whenever required, by GES and CTAB methods from bacterial 
and fungal cultures, respectively. With both the methods, quantifiable, good quality 
DNA suitable for PCR was obtained (Fig. la and lb). However, to simplify the whole 
process, to minimize the time of analysis and to increase the throughput, thermal 
shock and Prepman methods were usually employed. 
Standardization of PCR 
Various concentrations of PCR reagents like MgC^, dNTP's and primers were used 
to standardize the reaction parameters. The concentrations of 1.5 mM MgCb, 200 |iM 
each dNTP and 10 pmol of each primer were found to give optimum results. Increase 
in the MgCb and dNTP concentrations generated non-specific amplifications 
occasionally (Fig. 2) whereas higher concentrations of primers gave a band of unused 
primers on agarose gels. 
Cycling conditions of PCR were also standardized by the use of temperature gradient 
and varying cycling times. The PCR programs of various PCR reactions for the 
detection of different pathogens are given in Table 6. Annealing temperatures were 
selected as the highest temperature at which an amplification of high intensity was 
generated (Fig. 3). Denaturation of the template at 94°C for 5 sec was found to yield 
optimum results for each PCR, but generally this step was carried out for 10-15 sec to 
ensure complete denaturation of the template DNA. Annealing of the primers was 
carried out for 10-15 sec for each PCR with optimum results. The extension times 
ranged from 15 sec to 1 min, selected on the basis of size of the PCR products. 
Detection of Salmonella 
The sequences of oligonucleotide primers used for the detection of Salmonella are 
given in Table 7. To start with, the primer pair QVR137 and QVR138 was designed 
to amplify almost the whole Salmonella typhi enterotoxin gene (1318 bp). These 
primers were used to amplify the stn gene from S. typhimurium, S. typhi, S. paratyphi 
75 
A and S. paratyphi B. The amplicons were sequenced and the sequences from all the 
four serotypes (Seq. 1) showed complete homology with the already reported sin gene 
of the S. typhimurium (GenBank Acc. No. LI6014). Three other oligonucleotide 
primers were designed to target different fragments of this gene as a tool for detection 
of this pathogen. The oligonucleotide primers QVR133-QVRI34; QVR135-QVRI36: 
QVR137-QVR138 and QVR139-QVR140 were found to generate specific PCR 
products of 200 bp, 207 bp, 1318 bp and 450 bp, respectively (Fig. 4). Another set of 
primers QVR184 and QVR185 was designed to target a common fragment of JlgB 
and C genes for the detection of Salmonella. The primers amplified a fragment of 752 
bp with the DNA of S. typhimurium. To confirm that the right target was amplified, 
the PCR products generated with primers QVRI39-QVR140 and QVR184-QVR185, 
were sequenced. The DNA sequences obtained (Seq. 2 and Seq. 3) were found to 
have complete homology with the target sequences, respectively. The PCR protocols 
were standardized with S. typhimurium in such a way so as to complete the PCR 
reaction in 75-90 min. PCR protocols with all the five sets of primers were subjected 
to inclusivity and exclusivity test reactions; the protocols were found specific for the 
detection of Salmonella as all the Salmonella serotypes tested gave rise to specific 
PCR products and none of the non-Salmonella strains generated any amplification 
when subjected to these polymerase chain reactions. Figs. 5 to 8 show some of the 
inclusivity test reactions with different primers. It was observed that primer pairs 
OVR137-QVR138, QVR139-QVR140 and QVR184-QVR185 generated more 
intense amplicons as compared to the other two primer pairs, thus these were used in 
further studies. Fig. 9 and Fig. 10 show examples of exclusivity test reactions with 
primer pair QVR137-QVR138. The exclusivity tests with other primer pairs showed 
100% specificity for the detection of Salmonella. The primers showed no tendency to 
amplify non-specific DNA under conditions where Salmonella DNA gave specific 
amplified products. This PCR assay system was applied to artificially contaminated 
samples of water and blood for the detection of Salmonella. In case of water, the 
sensitivity of this PCR assay varied with the template preparation protocols and 
source of the sample. In sterile distilled water, the thermal extraction method and 
extraction by GES gave variable results; the sensitivity ranged from I to 1000 
organisms per ml. Best results were obtained by the Prepman method, where the 
sensitivity was high enough to detect 1 cell per ml of water (Fig. 11). Briefly, samples 
spiked with different number of cells of Salmonella were subjected to template 
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preparation by the Prepman method. After spinning down the cells by centriftigation, 
cell lysates were prepared in 10 .^1 of Prepman solution and the whole volume was 
used in a 20 i^l PCR reaction. To find out the sensitivity of the detection system in 
natural water samples, five samples of municipal water, ranging in Heterotrophic 
colony count from 1 x 10^ to 5 x 10^  c.f.u. ml"', were spiked with different number 
of cells of Salmonella and PCR was performed on the directly prepared templates. 
Our results showed a decrease in sensitivity as no fewer than 10^ cells/ml could be 
detected in these samples. To overcome this problem, a two-step nested PCR was 
applied, where the first round of PCR was run with the primer pair QVR137-QVR138 
and a reaction with the primer pair QVR139-QVR140 was run as the second round of 
PCR (Fig. 12). In the second round of PCR, the annealing and extension was carried 
out at 70°C. The nested PCR increased the sensitivity of the assay tremendously, 
detecting a single cell of Salmonella per ml of the natural water sample without any 
decrease in the intensity of the amplified product (Fig. 13). In order to apply this 
assay system to the detection of Salmonella in blood, 250 jj.1 aliquots of blood were 
spiked with different number of organisms of Salmonella and subjected to PCR after 
direct DNA extraction. We could detect less than 10 cells (approx. 1 cell) of 
Salmonella in these samples (Fig. 14 and Fig. 15) without any pre-enrichment. An 
enrichment of 6 h was found to be sufficient to detect 1 cell in the sample when 
template was prepared by the thermal shock method. Our results indicated that DNA 
from blood cells and the background microflora of water did not interfere with the 
PCR - neither any non-specific bands were generated in the spiked samples nor was 
the reaction inhibited. A careful examination of the agarose gel in Fig. 15 shows 
discrete bands of total DNA from blood, but no interference was observed despite the 
use of high concentrations of DNA in the reaction. To apply this detection system to 
naturally contaminated food samples, PCR's were run with templates prepared from 
enriched milk samples. Several of the samples were found positive with primers based 
on JlgB and C (QVR184-QVR185), whereas fewer of these samples were found 
positive with primers based on sin gene. Fig. 16 demonstrates the presence of non-
enterotoxinogenic strains (strains devoid of sin gene) of Salmonella in two milk 
samples. Characteristic Salmonella spp. were thus isolated from milk samples that 
gave specific amplifications with the former but no amplification with the latter, and 
were identified by 16S rDNA sequence analysis. The isolates were confirmed to be 
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species of the genus Salmonella. Seq. 4 shows the partial 16S rDNA sequence of one 
of such isolates. The sequence showed 100% homology with 16S rDNA sequence of 
S. thompson. These findings indicate that some isolates of Salmonella are devoid of 
the stn gene. Therefore, this gene is well suited to be used as a molecular marker for 
the detection of enterotoxinogenic strains of Salmonella only. 
To differentiate between enterotoxinogenic and non-enterotoxinogenic strains of 
Salmonella, a multiplex PGR reaction was developed, where the primer pair 
QVR137- QVR138 designed to amplify a fragment of 1318 bp of stn gene was used 
along with the primer pair that amplify a 752 bp fragment of JlgB and C genes (Fig. 
17). This PGR system was found specific for the detection of Salmonella when 
subjected to inclusivity (Fig. 18) and exclusivity test reactions (Fig. 19). The 
validation of this test system and application in detection of Salmonella in food 
samples is discussed in following sections. 
When this detection system was applied to 20 blood samples obtained from suspected 
patients of typhoid, one sample was found positive for the presence of Salmonella 
(Fig. 20). However, none of the samples was culture positive. 
A confirmatory test was also developed by restriction digestion of the JlgBC 
amplicon. Digestion of the 752 bp with BglW generated two fragments of 538 and 214 
bp (Fig. 21). 
Detection of Escherichia coii and Shigella 
Three genes - uidA of E. coli, ipaH of Shigella jlexneri and genes encoding Shiga 
toxin A and B subunits were targeted to detect E. coli. Shigella and their 
verotoxinogenic strains. Table 8 shows the nucleotide sequences of primers designed 
to target these genes. Two pairs of primers, QVR201-QVR202 and QVR203-QVR204 
were designed to amplify 293 bp and 310 bp fragments of uidA gene, respectively. 
The primer pair QVR251-QVR254 was designed to amplify a fragment of 884 bp of 
ipaH gene of 5. flexneri. Two pairs of primers. OVR16I-QVRI62 and OVR163-
QVR164 were designed on the basis of E. coli toxin AB subunit. All these primer 
pairs were subjected to PGR reactions with varied parameters to standardize the PGR 
assays and cycling conditions. Fig. 22 shows the standardization of annealing 
temperature for the detection of Shiga toxin and Shiga-like toxin producing 
organisms. Likewise, other primers were subjected to gradient PGR reactions to 
determine the most suitable annealing temperature and other PGR conditions (Fig. 
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23). All these primer pairs were found to generate specific amplified products when 
the target organisms were subjected to PCR. No non-specific bands were observed 
even at lower annealing temperatures. An annealing temperature of 60°C was selected 
for all these primer pairs. The cycling conditions are presented in Table 6. 
To confirm that the right target was amplified the amplicons obtained with primers 
QVR201-QVR202, QVRI63-QVR164 and QVR251-QVR254 were sequenced. The 
sequence of these amplicons, Seq. 5, Seq. 6 and Seq. 7 matched perfectly with the 
respective targets. These PCR protocols were subjected to inclusivity and exclusivity 
tests. The inclusivity tests showed that the primers based on uidA gene are specific for 
the common detection of E. coli and Shigella spp., giving the same amplification for 
both the organisms (Fig. 24). All the species of E. coli and Shigella tested were found 
to generate specific amplifications with this PCR. Primers based on the ipaH gene, 
QVR251-QVR254, were found specific for the detection of Shigella spp. (Fig. 25). 
None of the E. coli strains, including E. coli 0157: H7 was found to generate any 
amplification with these primers. The primers based on verotoxin (toxin A and B) 
encoding gene were found to be specific for S. dysenteriae and enteropathogenic E. 
coli (like E. co// 0157:H7). Other strains of E. coli and other species of Shigella, such 
as S. flexneri showed negative results with the PCR assay (Fig. 26a and Fig. 26 b). 
The exclusivity tests depicted that these primers do not have any tendency to amplify 
non-specific DNA. 
To move a step further, a multiplex PCR was developed for the common detection of 
E. coli and Shigella and differentiation of verotoxinogenic strains. Fig. 27 shows the 
results of this PCR assay where primers based on uidA, QVR201-QVR202 and 
QVR203-QVR204 were used in combination with primers based on the verotoxin-
encoding gene, QVR163-QVR164. The primers did not interfere with each other and 
discrete amplifications were obtained. S. dysenteriae and E. coli 0157:H7 were found 
to generate both the bands. Fig. 28 illustrates the application of this PCR to several 
clinical isolates of E. coli. None of the clinical isolates was found verotoxinogenic. 
Another duplex PCR was developed for the detection and differentiation of E. coli 
and Shigella spp. In this PCR assay, primers based on uidA, OVR201-QVR202 and 
those targeting the ipaH, QVR25I-QVR254, were used. All the species of Shigella 
tested generated two amplicons of 884 and 293 bp whereas only the 293 bp 
amplification was obtained with the strains of E. coli (Fig. 29). This assay was useful 
for the differentiation between E. coli and Shigella spp. This PCR assay was found 
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highly specific as no amplifications were generated with the DNA of the non-target 
organisms (Fig. 30). To take a step still further, a triplex PCR was standardized for the 
detection and differentiation of E. coli. Shigella spp. and their verotoxinogenic strains. 
Fig. 31 shows the amplification of Shigella dysenteriae and several strains of E. coli 
with this PCR reaction, and several exclusivity PCR test reactions. This PCR assay 
generates three bands for verotoxinogenic Shigella (884 bp, 293 bp and 196 bp), two 
bands for verotoxinogenic strains of E. coli (293 bp and 196 bp) and a single band for 
non-verotoxinogenic strains of E. coli (293 bp). No interference between the primers 
was observed and none of the exclusivity test reactions gave any DNA amplification. 
All these PCR assays, individually or as multiplex PCR's could detect even a single 
cell in a 20 i^l PCR reaction (Fig. 32). 
A simple restriction-digestion-based confirmation could be used for the amplified 
products. The restriction digestion of the 293 bp amplicon, generated with primers 
QVR201-QVR202, with enzyme, Hpa\ gives products of 155 bp and 138 bp (Fig. 33) 
whereas the 884 bp gives rise to 591 and 293 bp products with restriction digestion by 
Smal enzyme (Fig. 34). The application of this detection system in food samples is 
discussed in the following sections. 
Detection oi Staphylococcus aureus 
Several markers were targeted for the detection of Staphylococcus aureus. The 
sequences of oligonucleotide primers, the target genes and the size of the amplified 
products are given in Table 9. Two sets of primers QVR180-QVR181 and QVR182-
QVR183 were designed to amplify 685 bp and 877 bp fragments o f f m h A gene. One 
pair of primers was designed on the basis of each of the genes- coagualse (coa), 
catalase and femA, targeting DNA fragments of 475 bp, 641 bp and 594 bp, 
respectively. Further, two pairs of primers were designed to target the Staphylococcal 
enterotoxin I {sei) gene to amplify products of 220 bp and 191 bp. The PCR reactions 
were standardized using purified genomic DNA of S. aureus 450. Each one of the 
seven sets of primers gave the specific PCR amplification with this DNA. Several 
strains of S. aureus were used in the inclusivity PCR reactions. Primers based on 
fmhA, catalase a n d f e m A genes were found specific fori", aureus showing no tendency 
to amplify non-specific DNA including other species of Staphylococcus like, S. 
epidermidis, S. hemolyticus and S. saprophyticus. Fig. 35 shows the inclusivity and 
exclusivity tests for the detection of S. aureus with primers QVR180-QVR181 based 
80 
on fmhA gene. The DNA of all the strains of S. aureus was specifically amplified, 
whereas no amplification is seen in other species of Staphylococcus. 
Primer pair QVR259-QVR260 targeting the femA gene amplified specifically the 
DNA of S. aureus, whereas no amplifications, specific or non-specific were generated 
with non-5, aureus DNA, as shown in Fig. 36. Likewise Fig. 37 and Fig. 38 show the 
specificity of the primers, QVR257-QVR258 for the detection of S. aureus. While all 
these primers discussed above showed 100% selectivity for the detection of 
Staphylococcus aureus, the primers targeting the coa and sei genes of S. aureus 
amplified DNA from only some of the strains of S. aureus tested. Fig. 39 shows the 
results of PCR reactions run with different strains of S. aureus using primers 
QVR255-QVR256, targeting the coa gene. These results clearly display the suitability 
of fmhA, catalase and femA genes as markers for the detection of S. aureus while 
catalase and sei genes cannot be used as common markers for the detection of this 
pathogen. To confirm that the right target was amplified, the 877 bp fragment o f f m h A 
gene, 594 bp of femA gene, 641 bp fragment of catalase gene and 220 bp fragment of 
sei gene were sequenced. The sequences (Seq. 8 - Seq. 11) showed complete 
homology with their respective target sequences. Further the restriction digestion of 
the amplified product (877 bp) of fmhA gene with Hpa\ and SaulM generated 609 bp 
and 534 bp fragments and 268 bp and 343 bp fragments, respectively (Fig. 40). 
Similarly, restriction digestion of the amplified product of the catalase gene (641 bp) 
with Hindi generated 399 bp and 242 bp (Fig. 41). These findings are in agreement 
with the restriction map of the target sequence. When a panel of clinical isolates was 
used in the exclusivity test studies with primers QVR182-QVR183 based on fmhA 
gene, a Gram-negative isolate, designated as S46 generated a discrete amplification of 
about 650 bp, smaller in size than the specific amplification of S. aureus (Fig. 42). In 
order to identify this organism giving cross reactivity with these primers, 16S rDNA 
sequence analysis of the organism was carried out (Seq. 12) and was found to be 
Acinetobacter baumannii. The 650 bp amplified product of this organism obtained 
with the primers QVR182-QVR183. as mentioned above, was sequenced. Its 
sequence (Seq. 13) showed 98% homology with the gene coding for //-subunit of 
DNA gyrase of Acinetobacter baumannii. When the DNA of this isolate (S46) was 
subjected to PCR with other primers designed for the detection of S. aureus, no 
amplification was obtained. This finding shows that primer pair QVRI80-QVR181 is 
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more specific for the detection of S. aureus as compared to QVR182-QVRI83, 
despite targeting the same gene. 
To taice a step further, multiplex PCR reactions were standardized to differentiate 
between je/'-positive and 5e/-negative strains of S. aureus, where primers based on 
fmhA gene or catalase gene were used in combination with either of the primer pairs 
based on the sei gene (Fig. 43). To find out the sensitivity of this detection system, 
PCR reactions were run with different number of cells of S. aureus. We could not 
detect less than 10^ cells per ml of Millipore-sterilized water (Fig. 44). This multiplex 
PCR was further subjected to exclusivity test reactions and was found specific for the 
target organism as no amplifications were generated with the non-target organisms 
(Fig. 45 and Fig. 46). Attempts were made to directly detect S. aureus in spiked 
samples of milk. However, no amplification was achieved in any of the samples. 
When templates were prepared using SDS, a misleading artifact was obtained in all 
the samples (Fig. 47) and the PCR's were inhibited. However, after enrichment in 
BHI broth all the samples were found positive with this detection system. 
Detection o{ Aspergillus flavus and A. parasiticus 
Four pairs of primers were designed to target different fragments of qflJ gene of 
Aspergillus and one pair of primers to amplify a fragment of aflJ gene of A. 
parasiticus. The details of the primers are given in Table 10. The protocols were 
standardized with A. flavus and A. parasiticus DNA, respectively. The primers based 
on aflJ gene of A. flavus, QVR39-QVR40, QVR41-OVR42, OVR43-QVR44 and 
QVR45-QVR46 generated specific products of 286 bp, 268 bp, 120 bp and 116 bp 
(Fig. 48) and the primers QVR151-QVR152 gave a specific amplification of 497 bp. 
The inclusivity test reactions showed that each of these five sets of primers, 
irrespective of the target gene, gave specific amplified products with the templates 
prepared from all the A. flavus and A. parasiticus. Fig. 49 illustrates the amplification 
of different strains of A. flavus and A. parasiticus with primers, QVR39-OVR40 
based on aflJ gene of A. flavus. Likewise, Fig. 50 shows the detection of different 
strains of A. flavus and A. parasiticus with primers, QVR151-QVRI52 designed on 
the basis aflJ gene of A. parasiticus. To confirm that the right target was amplified, 
products generated with primers QVR39-QVR40 and QVR15I-QVR152 were 
sequenced. The sequences as given (Seq. 14 and Seq. 15) showed complete homology 
with the intended targets. Several fungal isolates were used in the exclusivity test 
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reactions and the primers did not generate any amplification with any non-target 
organisms including other species of Aspergillus (Fig. 51 and Fig. 52). This detection 
system was found to detect as low as 1 fg of purified DNA of the target organisms, 
although a clear band was obtained with 5 fg of DNA (Fig. 53). Several experiments 
were run to detect directly A. flavus/A. parasiticus in spiked samples of walnut 
kernels. But the experiments did not yield any conclusive results. This problem was 
overcome by employing an enrichment of 24 h in Sabouraud Dextrose broth wherein 
the target organisms could be effectively detected in the spiked samples. The thermal 
extraction method did not yield suitable templates for PGR amplification. However, 
the Prepman method worked well with isolated colonies of fungi as well as mixed 
cultures as obtained in Sabouraud Dextrose medium. 
Validation of the protocols developed 
In order to validate the methods developed during this study, 80 coded samples of 
11% skimmed milk spiked with different pathogens were prepared by NICED, 
Kolkata and transported to RRL, Jammu at 4°C. The samples were analyzed for the 
presence of the pathogens by the protocols developed in this study. The results of 
analysis are summarized in Table 11. Nine samples were found positive for 
Salmonella (Fig. 54), all being enterotoxinogenic strains (Fig. 55), eighteen for 
verotoxinogenic E. coli (Fig. 56), two for non-verotoxinogenic Shigella (Fig. 57), two 
for S. aureus (Fig. 58) and six for A. flavus (Fig. 59). However, the primers based on 
the catalase gene, QVR257-QVR258 only could detect S. aureus correctly. In 
contrast, the primers targeting the femA and fmhA genes could not detect S. aureus in 
any of the samples. None of samples generated any non-specific amplified bands 
when PGR assays were performed on extracted DNA templates. Further, our kits 
were also sent to NIGED, Kolkata and AllMS. New Delhi and ITRG, Lucknow for 
further validation at their centres. The data were presented by all the centres in the 
Task Force Meeting of Department of Biotechnology, Govt, of India, New Delhi, and 
the protocols thus developed were found to detect the pathogens correctly, and it was 
proposed that the procedures developed during this study shall be further modified for 
the development of ready-to-use kits for the routine detection of pathogens in food 
and clinical samples. 
83 
Detection of pathogens in naturally contaminated food samples 
In order to apply these procedures for routine quality control and assessment of 
various foods and find the applicability of these procedures in naturally contaminated 
foods, samples of walnut kernels, pasteurized apple juice concentrate and raw milk 
were tested for the presence of pathogens. The pathogens could be effectively 
detected after an enrichment of 8-10 h. The results are summarized in Table 12. 
In a total of 100 samples of walnut kernels, only a single sample (1%) (Fig. 60) was 
found positive for Salmonella, three (3%) for£. coli (Fig. 61), twenty-three (23%) for 
A. flavus/A. parasiticus (Fig. 62) and none for Shigella and S. aureus. Three samples 
(3%) were found positive for Bacillus cereus with primers already reported (Fig. 63). 
A total number of 60 samples of apple juice concentrate were subjected to PCR-based 
detection of pathogens, where none of the samples was positive for Salmonella, E. 
coli, and Shigella. However, four samples (6.7%) were positive for S. aureus (Fig. 
64), five (8.3%) for A. flavus/A. parasiticus (Fig. 65) and two samples (3.3%) were 
found positive for B. cereus (Fig. 66) with primers already reported. 
In a total of 50 raw milk samples. Salmonella spp. were detected in thirty samples 
(60%) (Fig. 67) wherein only six (12%) were contaminated with enterotoxinogenic 
strains (Fig. 68). E. coli were detected in forty-eight samples (96%)(Fig. 69), whereas 
thirty samples (60%) were positive for verotoxinogenic E. coli (Fig. 70). Three 
samples (6%) were also found positive for S. aureus (Fig. 69), and none for B. cereus 
and A. flavus/A. parasiticus. 
Microbiological quality of walnut kernels and apple juice concentrate 
50 samples of walnut kernels and 30 samples of apple juice concentrate were 
analyzed for microbiological characteristics, in order to find their microbiological 
quality with respect to the international standards. The summary of the results is 
presented in the (Table 13). On the basis of the Heterotrophic colony count, only a 
single sample out of 50 walnut kernel samples (2%) was found to meet the standards 
given by Healthy Nut Initiative (1998). According to the guidelines given by 
PHI.S/ACFDP (2000). 2% samples fall in satisfactory category, 68% in acceptable 
category i.e., borderline limit of microbiological quality and 30% unsatisfactory 
category. However, none of the samples of walnut kernels was found to meet the 
maximum acceptable limit of 500 c.f.u. g"' as stipulated in Healthy Nut Initiative 
(1998). Only 15% of the samples of apple juice concentrate had Viable Counts less 
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than 100 but more than 50 c.f.u. ml"'. 45% of the samples of apple juice concentrate 
had a total mould count of <50 c.f.u. g"' and for the remaining samples, the count 
ranged from 10^to 10"^c.f.u. ml '. 
In order to identify the contaminating organisms, representative colonies of bacterial 
and mould isolates based on colony characteristics were purified and subjected to 
morphological, cultural and biochemical tests (Table 14). The bacterial isolates were 
further identified by 16S rDNA sequence analysis. 33% of bacteria! isolates from 
walnut kernels were found to be Bacillus spp. (Seq. 16), 30% Klebsiella spp. (Seq. 
17), 20% Enterobacter spp. (Seq. 18), 10% Staphylococcus spp. (Seq. 19) and 7% E. 
coli. One of the samples of walnut kernels was also found positive for the presence of 
Salmonella. The presence of B. cereus. Salmonella spp. and E. coli in the samples was 
confirmed by PGR. None of the samples were found contaminated with Shigella by 
biochemical as well as PGR tests. 
95 and 50% of the samples of walnut kernels were respectively found positive for 
Bacillus spp. and Klebsiella spp. The most prevalent organisms isolated from apple 
juice concentrate were species of Bacillus (80%) and species of Micrococcus (Seq. 
20) and Staphylococcus (20%). However, none of the samples of apple juice 
concentrate was found positive for coliforms by any of the plate count or defined 
substrate tests. 
Among 100 colonies of moulds from both walnut kernels and apple juice concentrate, 
40% each were found to be species of Penicillium and Aspergillus. The remaining 
colonies were species of Cladosporium, Rhizopus and Mucor in decreasing order of 
incidence. Aspergillus spp. and Penicillium spp. were isolated from about 75% of the 
walnut samples. 
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Tabic 11: Detection of pathogens in spiked samples of 11% skimmed milk 
received from NICED, Kolkata 
Sample 
code 
Pathogen del ected 
Salmonella E. coli Shigella Staphylococcus 
aureus 
Aspergillus 
flavus 
1-Al — + - - -
1-Bl - + - - -
1-Cl — + - - -
1-A2 - + - - -
1-B2 - + — - -
1-C2 - + - - -
1-A3 + - - - -
1-B3 + - • - - -
1-C3 + - - - -
I-A4 — — — - -
1-B4 - - - - -
1-C4 — — — — -
1-A5 — — — — -
1-B5 — — - - -
1-C5 - - - - -
1-A6 - - - - -
1-B6 — — - - -
1-C6 - - - - -
1-A7 - - - - + 
1-B7 - - - - + 
1-C7 — — — - -
1-A8 - - - - -
i-B8 - - - - -
1-C8 — — — — -
2-Al - + - - -
2-Bl - + - - -
2-Cl — + — — — 
2-A2 — + — — — 
2-B2 — + — — -
2-C2 - + — — -
2-A3 + - - - -
2-B3 + - - - — 
2-C3 + - — — — 
2-A4 - - - - -
2-B4 - - - — -
2-C4 - - - - -
2.A5 - - - — — 
2-B5 - - - - -
2-C5 - - - - — 
2-A6 - - - - -
93 
Table II continued... 
Sample 
code 
Pathogen del :ected 
Salmonella E. coli Shigella Staphylococcus 
aureus 
Aspergillus 
flavus 
2-B6 — — — — 
2-C6 - - - - -
2-A7 - - - - + 
2-B7 - - - - + 
2-C7 - - - - -
2-A8 - - - - -
2-B8 — - - - -
2-C8 — - - - -
3-Al — + — — -
3-Bl — + — - -
3-Cl — + - - -
3-A2 - + - - -
3-B2 — + - - -
3-C2 - + - - -
3-A3 + - - - -
3-B3 + - - - -
3-C3 + - - - -
3-A4 — — - - -
3-B4 - - - - -
3-C4 - - - - -
3-A5 — — — — -
3-B5 — — — — — 
3-C5 — — - — -
3-A6 - — - - -
3-B6 — — — — — 
3-C6 - - - - -
3-A7 - — - — + 
3-B7 - - - - + 
3-C7 — — — — — 
3-A8 - — — — — 
3-B8 - - - - — 
3-C8 - — — — — 
4-A9 - — — — — 
4-B9 - - - - -
4-AlO - - - - -
4-BlO - - - — — 
4-Al l - - + - -
4-Bll - — + — — 
4-A12 - - - + — 
4-B12 - - - + -
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Table 14: Morphological and biochemical characteristics of some representative 
strains isolated from food samples 
Morphological/biochemical 
test 
Strain designation 
W18 W32 W12 W73 W49 BIO W52 
Gram staining 
rods rods rods 
+ 
cocci 
+ 
cocci 
+ 
rods 
rods 
Spore staining ND ND ND ND ND + ND 
Oxidase test - - - - - - -
Citrate utilization - + + - - - + 
Catalase activity + + + + + + + 
Motility + + + - - ND -
H2S production - + - - - ND -
Nitrate reduction + + + + - + + 
Indole production + - - - - - -
Methyl red reaction + + - + - - -
Voges-Proskauer reaction - - + - - + -
Urease activity - - - - + - + 
Fermentation reactions 
Lactose AG - AG A - ND AG 
Glucose AG A AG A - ND AG 
Sucrose AG A AG A - ND AG 
Mannitol AG A AG A - + AG 
ND: Test not performed 
Tentative identification: 
W18 Escherichia coli; W32 Salmonella sp.; W12 Enterobacter sp.; W73 
Staphylococcus sp.; W49 Micrococcus sp.; BIO Bacillus sp.; W52 Klebsiella sp. 
97 
Scq. 1: Partial sequence of amplified product of Salmonella enterotoxin gene 
with primers QVR137 and QVR138 (1080 bases) 
CGTTTCCACGCTGGAAAATGCCGTCATAATCAAAATCGGAATGGCGGGAT 
TGAGCGCTTTAATCTCCTTCAGCGTGGCGATACCGTCCATCTCCGCCATAC 
GCACATCGCACAGTACCAGATCAAAGACTTTCTCACGCACCTGAGCCAAC 
GCATCATGCCCACTGTAGGCCAGAGCGACGTTATAGCCCCAGCCCCGAAG 
CAGCGCCTGTAAAATCGTGCAGTGGCTTACATCATCATCCACAACCAGAA 
TATCGATTTTTCCGCGTATCACCCTTGTTAATCCTGTTGTCTCGCTATCACT 
GGCAACCAGATAGTAAAGACCGCGCCTTTACCCTCAATACTTTTCACCTTA 
ATCGCGCCGCCATGCTGTTCGATGATATTTTGCACCACAGCCAGCCCCAGG 
CCTGTCCCGTCAGCTTTGGTCGTAAAATAAGGCGTAAAAATCGCCTCCAG 
CTGATCCGGGGCGATCCCTTTCCCGCTATCGGTAACAGTGATGATAACGC 
GGTCGGTCCCACTTTCTTTTGCCTCTACGCTAATCGTTCCCTGGCGGCCAA 
TCGCATGAATAGCGTTCAGGTACAGATTCAACAGCACCTGAGTCAGCCTG 
TCCGGGTCAGCCTGAATACGCTTAAGCGTCTCATTCGCCGTGAATCTCAAC 
TGAATCTCTCTGCTTTGGGCATCCTGACTGACCAGATTCAGGGAGTGAGTA 
ATAATATCATTGAGGTTAACCGTCTGGAGCGTCAGATGCGCGGGCTTTAC 
CAGTTCGAGCAATTCGCTTACCACCCGG1TCAAACGGTCGGCCTCTTTGGC 
CATCACCTGCGCCAGTTCATGCGACTCGCCGCCGGCAGGCGTGCGCTCGG 
CAAAGTATTTCGCCAGCCCTTTGATGGACGAGAGCGGGTTACGAATTTCG 
TGCGCGACGCCCGCCGCCAGATGCCCCATCGCCACCAGCTTTTCTTTACGC 
TTCATTGCATCAAGCAGTTCTCTGTGCGAGCGCTGATAACGCTGATGCCAA 
AAAAACGCCAGTAACGTTGCCAACAGCACCGCCGCTAACGCAGACAAAA 
CAATCAGCGTATTATTTACT 
Seq. 2: Partial sequence of amplified product of Salmonella enterotoxin gene 
with primers QVR139 and QVR140 (417 bases) 
CGCCGTTTCCACGCTGGAAAATGCCGTCATAATCAAAATCGGAATGGCGG 
GATTGAGCGCTTTAATCTCCTTCAGCGTGGCGATACCGTCCATCTCCGCCA 
TACGCACATCGCACAGTACCAGATCAAAGACTTTCTCACGCACCTGAGCC 
AACGCATCATGCCCACTGTAGGCCAGAGCGACGTTATAGCCCCAGCCCCG 
AAGCAGCGCCTGTAAAATCGTGCAGTGGCTTACATCATCATCCACAACCA 
GAATATCGA l l Tl iCCGCGTATCACCCTTGTTAATCCTGTTGTCTCGCTATC 
ACTGGCAACCAGATAGTAAAGACCGCGCCTTTACCCTCAATACTTTTCACC 
TTAATCGCGCCGCCATGCTGTTCGATGATATTTTGCACCACAGCCAGCCCC 
AGGCCTGTCCCG 
Seq. 3: Partial sequence of amplified product oiSalmonella flgB and C genes 
with primers QVR184 and QVR185 (693 bases) 
GCGCGTGAAGGCATTTAAGCTGTCGGCTGAATTTTGCCATTTGCGGAGGA 
GATATGCTCGACAGGCTCGATGCCGCCTTACGATTTCAGCAGGAAGCGCT 
AAATCTGCGCGCGCAACGTCAGGAAATATTAGCGGCGAATATCGCCAATG 
CCGATACGCCGGGGTATCAGGCGCGCGATATTGATTrrGCCAGTGAGTTA 
AAAAAGGTGATGGTGCGTGGACGGGAAGAAACCGGCGGCGTCGCGTTAA 
CGTTGACTTCCTCTCACCATATTCCCGCCCAGGCGGTCTCTTCTCCCGCAG 
TGGATCTGCTTTATCGCGTACCCGATCAGCCTTCTTTGGATGGTAATACCG 
TAGATATGGACAGGGAACGTACGCAGTTTGCGGATAACAGTCTCAAATAT 
CAGATGGGGCTTACCGTTCTGGGTAGCCAACTCAAAGGCATGATGAATGT 
GCTACAGGGAGGAAACTAATTCGTGGCGCTGTTAAACATTTTTGATATTGC 
CGGATCGGCGCTTGCCGCACAGTCCAAACGGTTGAACGTTGCGGCCAGTA 
98 
ACCTGGCGAATGCGGATAGCGTCACCGGCCCGGACGGACAGCCTTATCGC 
GCCAAACAGGTGGTTTTTCAGGTGGACGCCGCGCCGGGTCAAGCCACTGG 
CGGGGTAAAGGTCGCCAGCGTGATTGAAAGTCAGGCACCGG 
Seq. 4: Partial sequence of 16S rDNA of an isolate of Salmonella isolated from 
milk and identified as S. thompson 
GTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCT 
CAACCTGGGAACTGCATTCGAAACTGGCAGGCTTGAGTC7TGTAGAGGGG 
GGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATAC 
CGGTGGGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGA 
AAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA 
CGATGTCTACTTGGAGGTTGTGCCCTTGAGAGCGTGGCTTCCGGAGCTAAC 
GCGTTAAGTAGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAT 
GAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATG 
CAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGAGA 
TGAGAATGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTC 
AGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCTACGATCGCAACCCTT 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Salmonella thompson C\ 100 
Salmonella gallinarum 99 
Salmonella paratyphi A 98 
Salmonella enierica 98 
Salmonella weltevreden 98 
Seq. 5: Partial sequence of amplified product of Escherichia coli and Shigella 
uidA gene with primers QVR201 and QVR202 (237 bases) 
GCGATCTATATCACGCTGTGGGTATTGCAGTTTTTGGTTTTTTGATCGCGG 
TGTCAGTTCTTTTTATTTCCATTTCTCTTCCATGGGTTTCTCACAGATAACT 
GTGTGCAACACAGAATTGGTTAACTAATCAGATTAAAGGTTGACCAGTAT 
TATTATCTTAATGAGGAGTCCCTTATGTTACGTCCTGTAGAAAGCCCCAAC 
CCGTGAAATCAAAAAACTCGACGGCCTGTGGGC 
Seq. 6: Partial sequence of amplified product of Shiga toxin gene of Shigella 
dysenteriae and E. coli 0157: H7 with primers QVR163 and QVR 164 (150 bases) 
AGACTTCTCGACCGCAAAGACGTATGTAGATTCGCTGAATGTCATTCGCTC 
TGCAATAGGTACTCCATTACAGACTATTTCATCAGGAGGTACGTCTTTACT 
GATGATTGATAGTGGCACAGGGGATAATTTGTTTGCAGTTGATGTCAG 
Seq. 7: Partial sequence of amplified product of ipaH gene of Shigella spp. with 
primers QVR251 and QVR254 (815 bases) 
CCTCCGGATTCCGTGAACAGGTCGCTGCATGGCTGGAAAAACTCAGTGCC 
TCTGCGGAGCTTCGACAGCAGTCTTTCGCTGTTGCTGCTGATGCCACTGAG 
AGCTGTGAGGACCGTGTCGCGCTCACATGGAACAATCTCCGGAAAACCCT 
CCTGGTCCATCAGGCATCAGAAGGCCTTTTCGATAATGATACCGGCGCTCl 
GCTCTCCCTGGGCAGGGAAATGTTCCGCCTCGAAATTCTGGAGGACATTG 
CCCGGGATAAAGTCAGAACTCTCCATTTTGTGGATGAGATAGAAGTCTAC 
CTGGCCTTCCAGACCATGCTCGCAGAGAAACTTCAGCTCTCCACTGCCGTG 
AAGGAAATGCGTTTCTATGGCGTGTCGGGAGTGACAGCAAATGACCTCCG 
99 
CACTGCCGAAGCTATGGTCAGAAGCCGTGAAGAGAATGAATTTACGGACT 
GGTTCTCCCTCTGGGGACCATGGCATGCTGTACTGAAGCGTACGGAAGCT 
GACCGCTGGGCGCAGGCAGAAGAGCAGAAGTATGAGATGCTGGAGAATG 
AGTACTCTCAGAGGGTGGCTGACCGGCTGAAAGCATCAGGTCTGAGCGGT 
GATGCGGATGCGCAGAGGGAAGCCGGTGCACAGGTGATGCGTGAGACTG 
AACAGCAGATTTACCGTCAGCTGACTGACGAGGTACTGGCCCTGCGATTG 
TCTGAAAACGGCTCAAATCGATATCGCATAAGCCACTGATAATGTTTACT 
CACCGTTTCGACA 
Seq. 8: Partial sequence of amplified product of S. aureus fmhA gene with 
primers QVR182 and QVR183 (799 bases) 
TGACTTCGGATGAGTTCAATGCGTTTACAACAAAGCATTTTTCACATTACA 
CACAATCAGCTATTCATTACAATCATAGAGTTGATTTAAAAGGCGATGTG 
CATCTTGTAGGGGTTAAAGATGACAATGGTCAAGTGATTGCAGGATGCTT 
ATTGACAGAAGCACGCACACTTAAATTTTTCAAATATTTTTATACACATCG 
CGGGCCAGTGATGGATTATACAAATCAATCATTAGTAGCATTTTTCTTTAA 
AGCATTAACGTCATATTTAAAGAAACACAATTGTTTATATGTCCTTGTAGA 
TCCATATTTAATTGAAAATTTACGCAATGCAGACGGTGAAATTGTTAAATC 
TTATGATAACCGAGCATTTGTTAGAACAATGGATAAATTAGGTTATAAAC 
ACCAAGGTTTCCCTGTAGGTTATGATTCAATGAGCCAAATCCGTTGGCTGT 
CAGTGTTAGATTTAAAAGATAAGACTGAAGACCAACTTTTAAAAGAAATG 
GATTATCAAACGAGACGTAATATTAAAAAAACATATGATATTGGTGTCAA 
AACTAAAACGTTAACGATTGATGAAACGCAAACTTTTTTCGACTTATTCCA 
TATGGCTGAGGAAAAGCACGGTTTCAAATTCCGTGAGTTACCATACTTTG 
AAGAAATGCAAAAGTTATACGATGACCACGCCATGTTAAAGTTGGCGTAT 
ATTGATTTAAACGAGTATTTAAAAACGTTACAATTAAAGCAACAACAATT 
AACAGCTGAACTCTCAGGTGTTGAAGAAGCATTGGAAGAAAG 
Seq. 9: Partial sequence of amplified product of S. aureus femA gene with 
primers QVR259 and QVR260 (537 bases) 
TGCTGAAGGTTATGAAACACATTTAGTGGGAATAAAAAACAATAATAACG 
AGGTCATTGCAGCTTGCTTACTTACTGCTGTACCTGTTATGAAAGTGTTCA 
AGTATTTTTATTCAAATCGCGGTCCAGTGATTGATTATGAAAATCAAGAAC 
TCGTACACTTTTTCTTTAATGAATTATCAAAATATGTTAAAAAACATCGTT 
GTCTATACCTACATATCGATCCATATTTACCATATCAATACTTGAATCATG 
ATGGCGAGATTACAGGTAATGCTGGTAATGATTGGTTCTTTGATAAAATG 
AGTAACTTAGGATTTGAACATACTGGATTCCATAAAGGATTTGATCCTGTG 
CTACAAATTCGTTATCACTCAGTGTTAGATTTAAAAGATAAAACAGCAGA 
TGACATCATTAAAAATATGGATGGACTTAGAAAAAGAAACACGAAAAAA 
GTTAAAAAGAArGGTGTTAAAGTAAGATTTTTATCTGAAGAAGAACTACC 
AATTTTTAGATCATTTATGGAAGATACGTCAGA 
Seq. 10: Partial sequence of amplified product of S. aureus catalase gene with 
primers QVR257 and QVR258 (581 bases) 
ATCCAAAATGGACAATGTATATTCAAGTAATGACTGAGGAACAAGCTAAA 
AACCATAAAGATAATCCATTTGATTTAACAAAAGTATGGTATCACGATGA 
GTATCCTCTAATTGAAGTTGGAGAGTTTGAATTAAATAGAAATCCAGATA 
ATTACTTTACGGATGTTGAACAAGCTGCGTTTGCACCAACTAATATTATTC 
100 
CAGGATTAGATTTTTCTCCAGACAAAATGCTGCAAGGGCGTTTATTCTCAT 
ATGGCGATGCGCAAAGATATCGATTAGGAGTTAATCATTGGCAGATTCCT 
GTAAACCAACCTAAAGGTGTTGGTATTGAAAATATTTGTCCTTTTAGTAGA 
GATGGTCAAATGCGCGTAGTTGACAATAACCAAGGTGGAGGAACACACC 
ATTATCCAAATAACCATGGTAAATTTGATTCTCAACCTGAATATAAAAAG 
CCACCATTCCCAACTGATGGATACGGCTATGAATATAATCAACGTCAAGA 
TGATGATAATTATTTTGAACAACCAGGTAAATTGTTTAGATTACAATCAGA 
GGACGCTAAAGAAAGAATTTTTACAAAT 
Seq. 11: Partial sequence of amplifled product of Staphylococcus aureus sei gene 
with primers QVR157 and QVR158 (168 bases) 
AGATAAAAATAATTCAACTGATAACTCTCATAATATCTTAATTAAAGTTTA 
TGAAAACGAGAGAAATTCATTATCTTTTGATATACCTACTAATAAGAAAA 
ACATAACAGCACAAGAAATAGATTATAAAGTTAGAAACTATTTACTTAAG 
CATAAAAATTTATATGA 
Seq. 12: Partial sequence of 16S rDNA of isolate S46 showing 99% homology 
with Acinetobacter baumannii 
GCGGCAGGCTTACACATGCAAGTCGAGCGGGGGAAGGTAGC1TGCTACCG 
GACCTAGCGGCGGACGGGTGAGTAATGCTTAGGAATCTGCCTATTAGTGG 
GGGACAACATCTCGAAAGGGATGCTAATACCGCATACGTCCTACGGGAGG 
AAAGCAGGGGATCTTCGGACCTTGCGCTAATAGATGAGCCTAAGTCGGAT 
TAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATCTGTAGCGGGT 
CTGAGAGGATGATCCGCCACACTGGGACTGAGACACGGCCAGACTCCTAC 
GGGA 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Acinetobacter baumannii strain TERl 6007 99 
Acinetobacter baumannii AIJ783 99 
Acinetobacter baimannii ATCC 196061" 99 
Acinetobacter baumannii DSM30008 99 
Acinetohader baumannii KF7I4 99 
Seq. 13: Partial sequence of amplified product of isolate S46 with primers 
QVR182-QVR183 showing 98% homology with /?-subunit Acinetobacter 
baumannii DNA gyrase gene 
ATTTACCAGGCAAACCTGCAATATCTAATGCACTCTTACGGCGTGTCATTr 
CACGTGCTTTACGTGCAGCATCACGTGCGCGTGCAGCATCAATAATCTTGC 
CTGCAATTGATTTTGCAGCTTGTGGATTCTCAAGTAAGTAAGCAGAGAACT 
CTTTGTTCATTGCTTGCTCTACCGCTGGTTTTACCTCACTTGATACCAATTT 
TTCTTTTGTCTGAGACGAGAATTTCGGATCAGGAACCTTAACAGAAATAAT 
GGCTGTTAAACCTtCACGCGCATCATCACCAGTCACATTCACTTTTTCTTTC 
TTGAGAATATTTTCATTTTCAAGATACTGGTTTAAGCCACGTGTTAAAGCT 
GCGCGGAAACCTGCTAAGTGCGTACCACCATCrnTTGTGGAATGTTGTTT 
GTGAAACAGCGAACATTTTCTTGGTAACTATCGTTCCATTGCAATGCTACT 
TCTACAGCAATGCCGTTGTCAGCATAGCTGTGAAATGGAAGATTTCGC 
101 
Scq. 14: Partial sequence of amplified product of Aspergillus flavus and A. 
parasiticus AflJ gent with primers QVR39 and OVR40 (235 bases) 
GCCGACTTGGTCCGACAGTTGGCTCTCTATGTGCATACTCCCCCCCCCTCC 
CTTCCCCACTCTATGATGAGATAAACCCATCAAGGTGCTAATCATGCTGTA 
CAGAACCAGCTTTTGGCATGCTTGCGGTGGCTGGGGGAGTTCCAGGTGCT 
GGCGTGTATCCCTCTGGATGAATCCGTACCCTTTGAGGACGTGGCAGACA 
TTGCAGGAGTCCCTGAGTGTCGGCTACGTCGGC 
Seq. 15: Partial sequence of amplified product of Aspergillus flavus and A. 
parasiticus AflJ gtnt with primers QVR151 and QVR152 (434 bases) 
CCTGCGAACGTATTCTAAGAATGGGACATAGATATGCCTGCCGGGCTAAC 
GATGCTGACGAAAGATAAAAAGTACGAGCCGGCAGATAGTACTCGGCTTG 
CAGATCAGCACTCCTTGACGCAGAGAAAGGATTACACTGGTCAGATCCAA 
AACCTCTTCAGATCACCTGTATTCTCAGCGACTTTTAAAATCCAATGGGAC 
GTTCAGTAGCTCTCCTTGCACCGCACGGCGATTTGCCGGTGGACTTTAATT 
CAATATCCTCCCCTCTGGCCTTGTTCACGAGCTATCCTCAGCCATGACCTT 
GACTGACCTAGAAACCTGCGCCGAGGAAATTGCAACCGCCGCCAGAACCC 
TGGCGAGAGACGGGCACTCTGGCGGGTATTCAGCTGGGCTACCTGACCAT 
CTCCGAGCCGTTCAGCGAACGCTGATTGCCA 
Seq. 16: Partial sequence of 16S rDNA of an isolate showing 99% homology with 
Bacillus subtilis 
GAACGCTGGCGGCGTGCCTAATCATGCAAGTCGAGCGGACAGATGGGAG 
CTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCT 
GCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGT 
TGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTAC 
AGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAG 
GCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGA 
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT 
GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGA 
TCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATAGGGCGG 
TACCTTGACGGTACCTAACCAGAAAGCCACCGCTAACTACGTGCCAG 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Bacillus subiihs KL-077 99 
Bacillus suhlilis K1.-073 99 
Bacillus subtilis STB29 99 
Bacillus suhlilis WP1 -21 99 
Bacillus subtilis C15 99 
Seq. 17: Partial sequence of 16S rDNA of an isolate showing identified as 
Klebsiella spp. 
CGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAA 
GCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACG 
ATGTCGATTTGGAGGTTGTGCCCTTGAGGCGTGGCrrCCGGAGCTAACGC 
GTTAAATCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGA 
ATTGACGGGGGCCCGCCCAAGCGGTGGAGCATGTGGATTAATTCTATGCA 
ACGCGAAGAATTACTTGGTCTTGACATCCCCAGAACTTTCCAGAGATGGA 
TTGTTTGCTTTCGGGAACTGTGAGACAGTGCTGCATGGTTGTCGTCAGCTC 
102 
GTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTT 
TGTTGCCAGCGGTCCGGCCGGGAACTTCAAAGGAGACTGCCAGTGATAAA 
CTGGAGGAA 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Klebsiella sp. VN_2004.1 100 
Klebsiella pneumoniae YNUCC0237 97 
Klebsiella pneumoniae subsp. ozanae 96 
Klebsiella pneumoniae subsp. pneumoniae 96 
Klebsiella cloacae 96 
Seq. 18: Partial sequence of 16S rDNA of an isolate from food showing 99% 
homology with Enterobacter spp. 
ACTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCC 
CCGGGCTCAACCTGGGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGT 
AGAGGGGGGTAGAATTCCAGAGTGTAGCGGTGAAATGCGTAGAGATCTG 
GAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCA 
GGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC 
GCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTGAGGCGTGGCTTCCG 
GAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAA 
ACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTA 
ATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTT 
CCAGAGATGTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCT 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Enterobacter sp. 6B_5 99 
Enterobacter sp. 230604/c 99 
Enterobacter sp. 2002-2301161 99 
Enterobacter sp. B-14 99 
Uncultured soil bacterium clone 1389-1 99 
Seq. 19: Partial sequence of 16S rDNA of an isolate from food showing identified 
as Staphylococcus aureus 
CGGAGCTAATACCGGATAATATTTTGAACCGCATGGTTCAAAAGTGAAAG 
ACGGTCTTGCTGTCACTTATAGATGGATCCGCGCTGCATTAGCTAGTTGGT 
AAGGTAACGGCTTACCAAGGCAACGATGCATAGCCGACCTGAGAGGGTG 
ATCGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC 
AGTAGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGT 
GAGTGATGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACAT 
ATGTGTAAGTAACTGTGCACATCTTGACGGTACCTATCGGAAAGCCACGG 
CTAACTACGTGCCAGCAGCCGCGGTAAATACGTAGGTGGCAAGCGTTATC 
CGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGT 
GAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGAAAACTIGA 
Close matches from ribosomal gene databases 
Organism Sequence similarity (%) 
Staphylococcus aureus 100 
Staphylococcus aureus N315 99 
Staphylococcus aureus MW2 99 
Staphylococcus sp. AI-9 99 
103 
Staphylococcus epidermidis 97 
Seq. 20: Partial sequence of 16S rDNA of an isolate from food showing 99% 
homology with Micrococcus spp. 
ACGGGTGAGTAACACGTGAGTAACCTGCCCTTAACTCTGGGATAAGCCTG 
GGAAACTGGGTCTAATACCGGATAGGAGCGTCCACCGCATGGTGGGTGTT 
GGAAAGATTTATCGGTTTTGGATGGACTCGCGGCCTATCAGCTTGTTGGTG 
AGGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGA 
CCGGCCTCACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCA 
GTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCGACNCCGCGTG 
AGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGTAGGGAAGAAGCGA 
AAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTAGTGCCAGCAGCC 
GCGGTAATACGTAGGGTGCGAGCGTTATCCGGAATTTTTGGGCGTAAAGA 
Close matches from ribosomal gene databases 
Organism Sequence similarity 
Micrococcus luteus SAFR-002 99 
Micrococcus sp. KE2-06 99 
Micrococcus sp. Ellinl49 99 
Micrococcus sp. RG-64 99 
Micrococcus sp. GWS-BW-H231 99 
104 
1 2 3 4 5 6 7 8 
Fig. la: 0.7% agarose gel showing the total DNA preparations from 
various bacterial pathogens 
Lane 1: Escherichia coli 
Lane 2: Salmonella typhimurium 
Lane 3: Shigella dysenteriae 
Lane 4: Staphylococcus aureus 
Lane 5: Bacillus cereus 
Lane 6: Escherichia coli 0157: H7 
Fig. lb: 0.7% agarose gel showing the total DNA preparations from 
fungi 
Lane 1: Aspergillus flavus 
Lane 2: Aspergillus parasiticus 
Lane 3: Aspergillus niger 
Lane 4: Aspergillus fumigatus 
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Fig. 2: 1% agarose gel showing the standardization of PGR for the detection 
of Shiga toxin producing organisms with respect to concentration of MgClj 
Lane 1: Ikb DNA ladder 
Lane 2:1.5 mM MgCl2 
Lane 3: L7 mM MgClj 
Lane 4: 2.0 mM MgClj 
Lane 5: 2.5 mM MgClj 
Lane 6: 3.0 mM MgClj 
Lane 7: Negative control 
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Fig. 3: 1% agarose gel showing the standardization of annealing 
temperature for the detection of Salmonella with primers QVR137 and 
QVR138, and QVR139 and QVR140 
Lane 1: Ikb DNA ladder 
Lane 2: Primers QVR137 and QVR138 and annealing temp. 55°C 
Lane 3: Primers QVR137 and QVR138 and annealing temp. 58"C 
Lane 4: Primers QVR137 and QVR138 and annealing temp. 60"C 
Lane 5: Primers QVR139 and QVR140 and annealing temp. 55"C 
Lane 6: Primers QVR139 and QVR140 and annealing temp. 58"C 
Lane 7: Primers QVR139 and QVR140 and annealing temp. 60"C 
Lane 8: Primers QVR139 and QVR140 and annealing temp. 65°C 
Lane 9: Negative control with primers QVR139 and QVR140 
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Fig. 4: 1% agarose gel showing all the four PCR products used for 
the detection of Salmonella 
Lane 1: Ikb DNA ladder 
Lane 2: PCR amplification with primers QVR133 and QVR134 
Lane 3: PCR amplification with primers QVR135 and QVR136 
Lane 4: PCR amplification with primers QVR137 and QVR138 
Lane 5: PCR amplification with primers QVR139 and QVR140 
Lane 6: Negative control with primers QVR139 and QVR140 
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Fig. 5: 1% agarose gel showing the amplified products of different 
serotypes oi Salmonella with primers QVR184 and QVR185 
Lane 1:100 bp DNA ladder plus 
Lane 2: Salmonella typhi 
Lane 3: Salmonella typhimurium 
Lane 4: Salmonella paratyphi A 
Lane 5: Salmonella paratyphi B 
Lane 6: Salmonella enteritidis 
Lane 7: Negative control 
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Fig. 6: 1% agarose gel showing the amplified products of difTerent 
serotypes of Salmonella with primers QVR137 and QVR138 
Lane 1: Ikb DNA ladder 
Lane 2: Salmonella typhi 
Lane 3: Salmonella typhimurium 
Lane 4: Salmonella paratyphi A 
Lane 5: Salmonella paratyphi B 
Lane 6: Salmonella enteritidis 
Lane 7: Negative control 
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Fig. 7: 1% agarose gel showing the detection of different serotypes of 
Salmonella with primers QVR135 and QVR136 
Lanel : Ikb DNA ladder 
Lane 2: Salmonella infantis 
Lane 3: Salmonella typhi 
Lane 4: Salmonella typhimurium 
Lane 5: Salmonella paratyphi A 
Lane 6: Salmonella paratyphi B 
Lane 7; Negative Control 
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Fig. 8:1% agarose gel showing the detection of different serotypes 
of Salmonella with primers QVR139 and QVR140 
Lane 1: Ikb DNA ladder 
Lane 2: Salmonella typhlmurium 
Lane 3: Salmonella choleraesuis 
Lane 4: Salmonella bovismorbifican 
Lane 5: Salmonella brunei 
Lane 6: Salmonella virchow 
Lane 7: Salmonella infantis 
Lane 8: Salmonella paratyphi A 
Lane 9: Negative control 
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Fig. 9: 1% agarose gel representing the results of exclusivity tests, 
wherein templates from non-target bacteria were used in PGR with 
primers QVR137 and QVR138 
Lane 1:1 kb DNA ladder 
Lane 2: Positive control 
Lane 3: E. coli 0157: H7 
Lane 4: Shigella dysenteriae 
Lane 5: Klebsiella pneumoniae 
Lane 6: Citrobacter sp. 
Lane 7: Staphylococcus aureus 
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Fig. 10: 1% agarose gel showing the results of exclusivity tests, 
wherein templates from non-target bacteria were used in PCR with 
primers QVR137-QVR138 
Lane 1: 1 kb DNA ladder 
Lane 2: Positive control 
Lane 3: Enterococcus faecium 
Lane 4: Enterococcus faecalis 
Lane 5: Staphylococcus epidermidis 
Lane 6: Streptococcus pyogenes 
Lane 7: Pseudomonas aeruginosa 
Lane 8: Enterobacter sp. 
Lane 9: Klebsiella rhinoscleromatis 
Lsme 10: KcoliJMl 10 
Lane 11: Shigella flexneri 
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Fig. 11: 1% agarose gel showing the amplified products of small 
no. of cells of Salmonella in 1 ml of Millipore water with primers 
QVR139 and QVR140 
Lane 1: Ikb DNA ladder 
Lane 2:10 cells 
Lane 3 :1 cells 
Lane 4: 1 cell 
Lane 5:1 cell 
Lane 6: 1 cell 
Lane 7: Negative control 
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Fig. 12: 1% agarose gel showing PCR amplified products of the nested 
PCR for the detection of Salmonella. The first round of PCR reactions 
were run with primers QVR137 and QVR138 and the second round of 
reactions ( nested PCR) were run with primers QVR139 and QVR140 
Lane 1:1 kb DNA ladder 
Lanes 2-5: Different serotypes oi Salmonella 
Lane 6: Negative control 
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450 bp 
Fig. 13: 1% agarose gel illustrating the detection of different number of cells of 
Salmonella in water (1 ml aliquots) by nested PCR. The first round of PCR was 
run with primers QVR137 and QVR138 and the second round of PCR with 
nested primers QVR139 and QVR140. No effect was found in the band intensity 
of the final amplified product with change in cell concentration after the second 
round of PCR 
Lane 1: 1 kb DNA ladder 
Lane 2: Sample spiked with lO'* cells 
Lane 3: Sample spiked with 10^ cells 
Lane 4: Sample spiked with 10^ cells 
Lane 5: Sample spiked with 10 cells 
Lane 6: Sample spiked with 1 cell 
Lane 7: Negative control 
1318 bp 
Fig. 14: 1% agarose gel showing the detection of different number oi Salmonella cells 
in blood with primers QVR137 and QVR138 
Lane 1:1 kbDNA ladder 
Lane 2: Positive control 
Lane 3: Blood sample spiked with approx. 1 cell and given pre-enrichment for 6 hours 
Lane 4: Negative control (un-seeded blood sample) 
Lane 5: Blood sample spiked with less than 10 cells (approx. 1 cell) and PCR run 
without pre-enrichment 
Lane 6: Blood sample spiked with 10 cells and PCR run without pre-enrichment 
Lane 7: Blood sample spiked with 10^ cells and PCR run without pre-enrichment 
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Fig. 15: 1% agarose gel showing the direct detection oi Salmonella 
in spiked blood samples 
Lanes 1,10: Ikb DNA ladder 
Lane 2: PCR after enrichment 
Lane 3: Blood sample spiked with 10^ cells 
Lane 4: Blood sample spiked with 10^ cells 
Lane 5: Blood sample spiked with 10 cells 
Lanes 6,7,8: Blood samples spiked with 1 cell each 
Lane 9: Negative control 
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Fig. 16: 1.5% agarose gel illustrating the detection of Salmonella in milk by 
multiplex PCR with primers QVR137-QVR138 and QVR184-QVR185 
Lane 1: 100 bp DNA ladder plus 
Lane 2: Salmonella typhimurium 
Lanes 3, 5: Presence of non-enterotoxinogenic strains of Salmonella in the 
samples 
Lanes 4,6, 7: Absence of Salmonella in the samples 
Lane 8: Negative control 
1 2 3 4 5 
1318 bp 
752 bp 
Fig. 17: 1.5 % agarose gel showing the amplified products of Salmonella with 
different primers, and multiplex for differentiation of enterotoxinogenic and non-
enterotoxinogenic strains of Salmonella 
Lane 1: Ikb DNA ladder 
Lane 2: Detection with primers QVR137 and QVR138 
Lane 3: Detection with primers QVR184 and QVR185 
Lane 4: Multiplex PCR with primers QVR137-QVR138 and QVR184 -QVR185 
Lane 5: Negative control 
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Fig. 18: 1.5% agarose gel illustrating the inclusivity tests for the multiplex 
detection o\ Salmonella with primers QVR137-QVR138 and QVR184-QVR185 
Lane 1: 100 bp DNA ladder plus 
Lane 2: Salmonella typhimurium 
Lane 3: Salmonella choleraesuis 
Lane 4: Salmonella bovismorbiflcan 
Lane 5: Salmonella brunei 
Lane 6: Salmonella virchow 
Lane 7: Salmonella infantis 
Lane 8: Salmonella paratyphi A 
Lane 9: Salmonella typhi 
Lane 10: Salmonella paratyphi B 
Lane 11: Negative control 
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Fig. 19: 1.5% agarose gel representing the exclusivity tests for the multiplex 
detection of Salmonella with primers QVR137-QVR138 and QVR184-QVR185 
Lane 1:100 bp DNA ladder plus 
Lane 2: Positive control 
Lane 3: Enterococcus faecium 
Lane 4: Enterococcus faecalis 
Lane 5: Staphylococcus epidermidis 
Lane 6: Streptococcus pyogenes 
Lane 7: Pseudomonas aeruginosa 
Lane 8: Enterobacter sp. 
Lane 9: Klebsiella rhinoscleromatis 
Lanel0:£^.co//JM110 
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Fig. 20: 1% agarose gel showing the direct detection of Salmonella 
in culture negative blood samples 
Lane 1:100 bp DNA ladder plus 
Lane 2: Positive control 
Lane 3: Sample with no amplification 
Lane 4: Sample with the specific amplification of Salmonella 
Lane 5: Sample with no amplification 
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Fig. 21: 1.5 % agarose gel representing the restriction digestion of 
amplified fragment of the amplicon of Salmonella generated with 
primers QVR184 and QVR185 
Lane 1: 100 bp DNA ladder plus 
Lanes 2, 3: Restriction digestion with Bglll generating fragments of 
538 and 214 bp 
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Fig. 22: 1% agarose gel showing the standardization of PCR for the 
detection of Shiga toxin producing organisms 
Lane 1: Ikb DNA ladder 
Lane 2: Primers QVR161-QVR162, and annealing temp. 55°C 
Lane 3: Primers QVR161-QVR162, and annealing temp. 57«C 
Lane 4: Primers QVR161-QVR162, and annealing temp. 59*>C 
Lane 5: Primers QVR161-QVR162, and annealing temp. 60»C 
Lane 6: Primers QVR163-QVR164, and annealing temp. SS^C 
Lane 7: Primers QVR163-QVR164, and annealing temp. 57»C 
Lane 8: Primers QVR163-QVR164, and annealing temp. 59°C 
Lane 9: Primers QVR163-QVR164, and annealing temp. 60<'C 
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Fig. 23: 1% agarose gel showing the standardization of PCR for the 
common detection of E. coli and Shigella with primers QVR201 and 
QVR202 
Lane 1: Ikb DNA ladder 
Lane 2: Negative control 
Lane 2: Annealing temp. SS^C 
Lane 3: Annealing temp. 57"C 
Lane 4: Annealing temp. 59"C 
Lane 5: Annealing temp. 61°C 
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Fig. 24: 1% agarose gel showing inclusivity testing for the common detection 
of E. coli and Shigella 
Lane 1: Ikb ladder 
Lane 2: Negative control 
Lane3:£^.co/i0157: H7 
Lane 4: Shigella dysenteriae 
Lane 5: Shigella flexneri 
Lane co/i JMllO 
1 2 3 4 5 6 7 
900 bp 
500 bp 
884 bp 
Fig. 25: 1% agarose gel showing the amplified products of different 
serotypes of Shigella with primers QVR251 and QVR254 
Lane 1:100 bp DNA ladder plus 
Lane 2-3: Shigella flexneri 
Lane 4-5: Shigella dysenteriae 
Lane 6: Shigella sonnei 
Lane 7: Negative control 
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Fig. 26a: 1% agarose gel illustrating the inclusivity and 
exclusivity tests for the detection of verotoxinogenic organisms 
with primers QVR161 and QVR162 
Lane 1: Ikb ladder 
Lane 2: Shigella dysenteriae 
Lane3:£^.co/i0157: H7 
Lane 4: Salmonella typhi 
Lane 5: Enterobacter sp. 
Lane 6: Shigella flexneri 
Lane 7: Shigella dysenteriae 
Lane 8: E. coli 
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Fig. 26b: 1% agarose gel showing several exclusivity tests for the 
detection of verotoxinogenic organisms with primers QVR161 and 
QVR162 
Lane 1: Ikb ladder 
Lane 2: Shigella dysenteriae 
Lane 3: E. coli JMllO 
Lane 4: Klebsiella pneumoniae 
Lane 5: Pseudomonas aeruginosa 
Lane 6: Citrobacter sp. 
Lane 7: Enterococcus faecalis 
Lane 8: Staphylococcus aureus 
Lane 9: Escherchia coli DH5a 
Lane 10: Escherchia coli SURE 
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Fig. 27: 1.5% agarose gel showing the multiplex PCR for the common 
detection of Shigella/E. coli and their verotoxinogenic strains 
Lane 1: Ikb DNA ladder 
Lane 2: Detection o f f . coli / Shigella with primers QVR201 and QVR202 
Lane 3: Detection of E. coli/Shigella with primers QVR203 and QVR204 
Lane 4: Detection of verotoxinogenic strain of E. coli / Shigella with 
primers QVR163 and QVR164 
Lane 5: Multiplexing 2 and 4 
Lane 6: Multiplexing 3 and 4 
Lane 7: Negative control 
310 bp 
196 bp 
Fig. 28: 1.5% agarose gel showing the detection of various strains of E. coli 
by multiplex PCR with primers QVR203-QVR204 and QVR161-QVR162 
Lane 1: Ikb DNA ladder 
Lane 2: Escherchia coli ATCC 25922 
Lane 3: Escherchia coli 0157: H7 
Lanes 4-8: Clinical isolates of Escherchia coli 
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Fig. 29: 1.5% agarose gel showing the inclusivity test reactions for 
multiplex PCR for the detection of Shigella and E. coli with primers 
QVR251-QVR254 {Shigella) and QVR201-QVR202 {Shigella/E.coli) 
Lane 1:1 kb DNA ladder 
Lane 2: Shigella dysenteriae 
Lane 3: Shigella flexneri 
Lane 4: Shigella sonnei 
Lane 5: Escherchia coli ATCC 25922 
Lanes 6-8: Clinical isolates of E. coli 
Lane 9: Negative control 
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Fig. 30: L5% agarose gel illustrating the exclusivity tests for multiplex PCR 
for the detection of Shigella and E. coli with primers QVR251-QVR254 
{Shigella) and QVR201-QVR202 {Shigella/E.coli) 
Lane 1:100 bp DNA ladder plus 
Lane 2: Shigella dysenteriae 
Lane 3: Salmonella typhi 
Lane 4: Staphylococcus aureus 
Lane 5: Enterbacter sp. 
Lane 6: Citrobacter sp. 
Lane 7: Bacillus cereus 
Lane 8: Listeria monocytogenes 
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Fig. 31: 1.5% agarose gel showing several inclusivity and exclusivity tests for 
multiplex PCR for the detection of Shigella, E. coll and their verotoxinogenic 
strains with primers QVR251-QVR254 {Shigella), QVR201-QVR202 
{Shigella/E.colt) and QVR163- QVR164 (verotoxinogenic strains) 
Lane 1:100 bp DNA ladder plus 
Lane 2: S. dysenteriae 
Lane3:£'. co/i JMllO 
Lane4:£ . C0/1JMIO9 
Lane 5: E. coli DH5a 
Lane 6: Salmonella typhi 
Lane 7: Enterococcus faecalis 
Lane 8: Klebsiella rhinoscleromatis 
Lane 9: Pseudomonas aeruginosa 
Lane 10: Streptococcus pyogenes 
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Fig. 32: 1.5% agarose gel showing the detection of various no. of cells of 
E. coli 0157: H7 by multiplex PCR with primers QVR203-QVR204 and 
QVR163-QVR164 
Lane 1: Ikb DNA ladder 
Lane 2: Positive control 
Lane 3: Negative control 
Lane 4: lO'* cells 
Lane 5:10^ cells 
Lane 6:10^ cells 
Lane 7:10 cells 
Lane 8:1 cell 
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Fig. 33: 1.5% agarose gel showing the confirmation of the amplified 
product of Shigella/E. coU obtained with primer pair QVR201 and 
QVR202 by restriction digestion with Hpa\ 
Lane 1:100 bp DNA ladder plus 
Lane 2: Fragments generated by restriction digestion 
Lane 3: Control amplified product 
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Fig. 34:1.5% agarose gel showing the confirmation of the amplified 
product of Shigella obtained with primer pair QVR251 and QVR254 
by restriction digestion with Sma\ 
Lane 1:100 bp DNA ladder plus 
Lane 2: Control amplified product 
Lane 3: Fragments generated by restriction digestion 
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Fig. 35: 1% agarose gel illustrating the inclusivity and exclusivity tests 
for the detection of 5. aureus with primers QVR180 and QVR181 
Lane 1:100 bp DNA ladder plus 
Lane 2: Staphylococcus aureus ATCC 29313 
Lane 3: Staphylococcus aureus FR1722 
Lane 4: Staphylococcus aureus 450 
Lane 5: Staphylococcus epidermidis 
Lane 6: Staphylococcus hemolytic us 
Lane 7: Staphylococcus saprophytlcus 
Lane 8: Listeria monocytogenes 
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Fig. 36: 1% agarose gel illustrating the inclusivity and exclusivity tests 
for the detection ofS. aureus with primers QVR259 and QVR260 
Lane 1:100 bp DNA ladder plus 
Lane 2: Staphylococcus aureus ATCC 29313 
Lane 3: Staphylococcus aureus FR1722 
Lane 4: Staphylococcus aureus 450 
Lane 5: Staphylococcus aureus 
Lane 6: Staphylococcus hemolyticus 
Lane 7: Staphylococcus saprophytics 
Lane 8: Staphylococcus epidermidis 
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Fig. 37: 1% agarose gel showing the inclusivity tests for the detection 
of aureus with primers QVR257 and QVR258 
Lane 1:100 bp DNA ladder plus 
Lane 2: Staphylococcus aureus 
Lane 3: Staphylococcus aureus ATCC 29313 
Lane 4: Staphylococcus aureus FR1722 
Lane 5: Staphylococcus aureus 450 
Lane 6: Staphylococcus aureus 
Lane 7: Negative control 
8 9 10 
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Fig. 38: 1% agarose gel illustrating the exclusivity tests for the 
detection of 5. aureus with primers QVR257 and QVR258 
Lane 1:100 bp DNA ladder plus 
Lane 2: Staphylococcus aureus 
Lane 3: Staphylococcus hemolyticus 
Lane 4: Staphylococcus saprophyticus 
Lane 5: Staphylococcus epidermidis 
Lane 6: Streptococcus pyogenes 
Lane 7: Listeria monocytogenes 
Lane 8: Salmonella typhimurium 
Lane 9: Shigella flexneri 
Lane 10: Escherichia coli 
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Fig 39:1% agarose gel showing the detection oicoagulase gene of S. 
aureus with primers QVR255 and QVR256. This gene could not be 
amplified from all the strains of 5. aureus 
Lane 1:1 kb DNA ladder 
Lane 2: Staphylococcus aureus 450 
Lane 3: Staphylococcus aureus FR1722 
Lane 4: Staphylococcus aureus AIIMSl 
Lane 4: Staphylococcus aureus 15187 
Lane 5: Staphylococcus epidermidis 
Lane 6: Staphylococcus hemolyticus 
Lane 7: Negative control 
900 bp 
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Fig. 40:1.5 % agarose gel showing the restriction digestion of the amplified 
product of Staphylococcus aureus generated with primers QVR182 and 
QVR183 
Lane 1:100 bp DNA ladder plus 
Lane 2: Control amplified product 
Lane 3: Restriction digestion with Hpal generating fragments of 609 and 
268 bp 
Lane 4: Restriction digestion with sau3a\ generating fragments of 534 and 
343 bp 
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Fig. 41: 1.5% agarose gel showing the restriction digestion of the amplified 
fragment of S. aureus generated with primers QVR257 and QVR258 with 
the enzyme Hindi 
Lane 1:100 bp DNA ladder 
Lanes 2-4: Restriction digestion generating fragments of 399 and 242 bp 
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Fig. 42: 1% agarose gel showing the results of PGR reactions for the 
detection of S. aureus with primers QVR182 and QVR183 using a panel of 
clinical isolates of bacterial cultures received from ASCOMS, Jammu 
Lane 1:100 bp DNA ladder plus 
Lane 2: Positive control 
Lanes 3-10: Clinical isolates 
An amplification of approx. 650 bp was obtained with bacterial culture 
no. S46 (Lane 7) 
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Fig. 43: 1.5% agarose gel showing the detection of S. aureus and strains positive for sei 
with primers QVR182-QVR 183 or QVR257-QVR258 multiplexed with QVR157-
QVR158 and QVR159 and QVR160, respectively 
Lane 1: 100 bp DNA ladder plus 
Lane 2: S. aureus ATCC 29313 with primers QVR182-QVR183 and QVR157-QVR158 
Lane 3: S. aureus FR1722 with primers QVR182-QVR183 and QVR157-QVR158 
Lane 4: S. aureus 440 with primers QVR182-QVR183 and QVR157-QVR158 
Lane 5: Negative control with primers QVR182-QVR183 and QVR157-QVR158 
Lane 6: S. aureus ATCC 29313 with primers QVR257-QVR258 and QVR159-QVR160 
Lane 7: S. aureus FR1722 with primers QVR257-QVR258 and QVR159-QVR160 
Lane 8: S. aureus 440 with primers QVR257-QVR258 and QVR159-QVR160 
Lane 9: Negative control with primers QVR257-QVR258 and QVR159-QVR160 
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300 bp 
200 bp 
100 bp 
641 bp 
Fig. 44: 1.5% agarose gel showing the detection of different number of cells of 
S. aureus with primers QVR257 and QVR258 
Lane 1: 100 bp DNA ladder plus 
Lane 2: 10^ cells 
Lane 3:10^ cells 
Lane 4: 10^ cells 
Lane 5:10"* cells 
Lane 6:10-^ cells 
Lane 7:10^ cells 
Lane 8: Negative control 
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Fig. 45: 1.5% agarose gel illustrating the exclusivity tests for the detection of 
S. aureus and its set positive strains with primers QVR180-QVR181 and 
QVR159-QVR160 
Lane 1,5:100 bp DNA ladder plus 
Lane 2,6: Positive control 
Lane 3: Shigella dysenteriae 
Lane 4: Salmonella typhi 
Lane 7: Enterococcus faecalis 
Lane 8: Streptococcus pyogenes 
Lane 9: Pseudomonas aeruginosa 
Lane 10: Escherichia coli 
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400 bp 
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100 bp 
Fig. 46: 1.5% agarose gel showing the results of PGR reactions for the detection of S. 
aureus with primers QVR257-QVR258 and QVR159-QVR160 using a panel of 
clinical isolates of bacterial cultures received from ASCOMS, Jammu 
Lane 1:100 bp DNA ladder plus 
Lane 2: Positive control 
Lanes 3-10: Clinical isolates. None was found to be S. aureus 
128 
500 bp 
400 bp 
300 bp 
200 bp 
100 bp 
Fig. 47: IVo agarose gel showing the results of an attempt for the 
direct detection of 5. aureus in milk. The PCR reactions were 
inhibited 
Lane 1:100 bp DNA ladder plus 
Lanes 2-8: Milk samples spiked with 1-10^ cells of 5. aureus 
Lane 9: Negative control 
750 bp 
500 bp 
250 bp 286 bp, 268 bp 
120 bp, 116 bp 
Fig. 48: 1% agarose gel showing the detection of Aspergillus flavus and A. 
parasiticus with four different pairs of primers 
Lane 1: Ikb DNA ladder 
Lane 2: Primers QVR39 and QVR40 
Lane 3: Primers QVR41 and QVR42 
Lane 4: Primers QVR43 and QVR44 
Lane 5: Primers QVR45 and QVR46 
Lane 6: Negative control 
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Fig. 49: 1% agarose gel showing the inclusivity tests for the detection of 
Aspergillus flavus and A. parasiticus mtb primersQVR39 and OVR40 
Lane 1: Ikb DNA ladder 
Lane 2: Aspergillus flavus ATCC46283 
Lane 3: Aspergillus flavus MTCC1973 
Lane 4: Aspergillus flavus MTCC2799 
Lane 5: Aspergillus flavus NCIM645 
Lane 6: Aspergillus parasiticus FR223 
Lane 7: Aspergillus parasiticus MTCC2796 
Lane 8: Negative control 
750 bp 
500 bp 
250 bp 497 bp 
Fig. 50: 1% agarose gel showing the inclusivity tests for the detection of 
Aspergillus flavus with primers QVR151 and QVR152 
Lane 1: Ikb DNA ladder 
Lane 2: Aspergillus flavus ATCC46283 
Lane 3: Aspergillus flavus MTCC1973 
Lane 4: Aspergillus flavus MTCC2799 
Lane 5: Aspergillus parasiticus FR223 
Lane 6: Aspergillus parasiticus MTCC2796 
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Fig. 51: 1% agarose gel illustrating the exclusivity tests for the 
detection of Aspergillus flavus and A. parasiticus with primers 
QVR39 and QVR40 
Lane 1: 1 kb DNA ladder 
Lane 2: Aspergillus niger 
Lane 3: Aspergillus fumigatus 
Lane 4: Trichoderma viride 
Lane 5: Rhizopus sp. 
Lane 6: Mucor sp. 
Lane 7: Penicillium sp. 
8-11: Other non-Aspergillus strains 
Lane 12: Aspergillus flavus (positive control) 
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Fig. 52: 1% agarose gel showing some of the inclusivity and exclusivity tests for 
the detection of Aspergillus flavus and A. parasiticus with primers QVR39 and 
QVR40, and QVR151 and QVR152 
Lane 1: 1 kb DNA ladder 
Lane 2: Aspergillus flavus with primers QVR39 and QVR40 
Lane 3: Aspergillus parasiticus with primers QVR39 and QVR40 
Lane 4: Aspergillus fumigatus with primers QVR39 and QVR40 
Lane 5: Aspergillus niger with primers QVR39 and QVR40 
Lane 6: Rhizopus sp. with primers QVR39 and QVR40 
Lane 7: Aspergillus flavus with primers QVR151 and QVR152 
Lane 8: Aspergillus parasiticus with primers QVR151 and QVR152 
Lane 9: Aspergillus fumigatus with primers QVR151 and QVR152 
Lane 10: Aspergillus niger with primers QVR151 and QVR152 
Lane 11: Rhizopus sp. with primers QVR151 and QVR152 
1.5 kb 
1.2 kb 
500 bp 
750 bp 
500 bp 
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Fig. 53: 1% agarose gel showing the sensitivity of the PCR for 
the detection of Aspergillus flavus 
Lane 1: 1 kb DNA ladder 
Lane 2: Negative control 
Lane 3: 5 ng DNA 
Lane 4: 5 pg DNA 
Lane 5: 5 fg DNA 
Lane 6: 1 fg DNA 
1318 bp 
Fig. 54: 1 % agarose gel showing the detection of Salmonella in coded samples of 
spiked milk received from NICED, Kolkata with primers QVR137 and QVR138 
Lane 1: 100 bp DNA ladder plus 
Lane 2: Positive control 
Lanes 6, 7 and 8 show samples found positive for Salmonella 
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Fig. 55: 1.5% agarose gel showing the detection of Salmonella by multiplex 
PCR in spiked milk samples received from NICED, Kolkata 
Lane 1: 100 bp DNA ladder plus 
Lane 2: Positive control 
Lanes 9, 10 and 11 show samples positive for Salmonella. All the three were 
stn positive 
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Fig. 56: 1.5% agarose gel showing the detection of E. coli and verotoxinogenic strains 
by multiplex PCR with primers QVR251-QVR254, QVR203-QVR204 and QVR163-
QVR164. The absence of amplification product of primers QVR251 and QVR254 
indicates the absence of Shigella in the samples 
Lane 1: 100 bp DNA ladder plus 
Lane 2: Sample A1 
Lane 3: Sample B1 
Lane 4: Sample CI 
Lane 5: Sample A2 
Lane 6: Sample B2 
Lane 7: Sample C2 
1 kb 
750 bp 
500 bp 
250 bp 
Fig. 57: 1% agarose gel showing the detection of Shigella from coded samples 
received from NICED, Kolkata. Three sets of primers, QVR251-QVR254, 
QVR203-QVR204 and QVR163-QVR164 were used in a multiplex reaction 
Lane 1:1 kb DNA ladder 
Lanes 2 and 3 show samples positive for Shigella. The strains were non-
verotoxinogenic indicated by the absence of amplicon of primers QVR163 and 
QVR164 
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Fig. 58: 1% agarose gel showing the detection of S. aureus in coded 
samples of milk, received from NICED, Kolkata, with primers 
QVR257 and QVR258 
Lane 1: 100 bp DNA ladder 
Lane 2: Positive control 
Lanes 9 and 10 show samples positive for S. aureus 
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Fig. 59: 1 % agarose gel showing the detection of Aspergillus 
JJavus with primers QVR39 and QVR40 in coded samples of 
11% skimmed milk received from NICED, Kolkata 
Lane 1: Ikb DNA ladder 
Lane 2: Positive control 
Lanes 3 and 4 show samples positive for A. flavus 
1 2 3 4 5 6 7 8 
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450 bp 
Fig. 60: 1% agarose gel showing the detection of 
kernels 
Lane 1:1 kb DNA ladder 
Lanes 23«4,6,7,8: Samples negative for Salmonella 
Lane 5: Sample positive for Salmonella 
Salmonella in walnut 
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Fig. 61: 1.5% agarose gel showing the detection of E. coli in the samples of 
walnut kernels 
Lane 1:100 bp DNA ladder plus 
Lane 2: Positive control {Shigella dysenteriae) 
Lane 3: Positive control (E. coli 0157: H7) 
Lanes 4,5,7: Samples showing presence of £". coli 
Lane 6: Sample showing absence of E. coli 
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500 bp 
250 bp 
120 bp 
Fig. 62: 1% agarose gel showing the detection of Aspergillus flavus/A. 
parasiticus in walnut kernels with primers QVR43 and QVR44 
Lanel : 1 kb DNA ladder 
Lanes 2,5: Samples negative ior Aspergillus flavus/A. parasiticus 
Lane 3,4,6: Samples negative for Aspergillus flavus/A. parasiticus 
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Fig. 63: 1% agarose gel showing the detection oi Bacillus cereus with primers 
based on Phospholipase C gene after enrichment in BHI broth 
Lane 1: Ikb DNA ladder 
Lane 2: Positive control 
Lane 3,4: Walnut samples positive for B. cereus 
Lane 5: Negative control 
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500 bp 
400 bp 
300 bp 
641 bp 
Fig. 64: 1% agarose gel showing the detection of S. aureus in samples of apple 
juice concentrate with primers QVR257 and QVR258 
Lane 1: 100 bp DNA ladder plus 
Lanes 23^4: Samples of apple juice concentrate positive for S. aureus 
Lane 5: Negative control 
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Fig. 65: 1% agarose gel showing the detection of Aspergillus flavus/A. 
parasiticus in apple juice concentrate with primers QVR39 and QVR40 
Lane 1:1 kb DNA ladder 
Lanes Samples of apple juice concentrate positive for A. flavus/A. 
parasiticus 
4 5 
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500 bp 
250 bp 413 bp 
Fig. 66: 1% agarose gel showing the detection of Bacillus cereus in apple juice 
concentrate with primers based on Phospholipase C gene 
Lane 1: Ikb DNA ladder 
Lane 2: Positive control 
Lanes 3,4: Samples of apple juice concentrate positive for B. cereus 
Lane 5: Negative control 
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Fig. 67: IVo agarose gel showing the detection oi Salmonella in milk 
samples with primers QVR184 and QVR185 
Lane 1: 100 bp DNA ladder plus 
Lanes 2-10: Different samples of milk. Lane 5 shows a sample 
negative for Salmonella 
Lane 11: Negative control 
1 2 3 4 5 
Fig. 68: 1.5% agarose gel showing the detection of enterotoxinogenic strains of 
Salmonella in milk samples by multiplex PCR with primers QVR184-QVR185 and 
QVR137-QVR138 
Lane 1: 100 bp plus DNA ladder 
Lane 23)4: Entrotoxinogenic strains of Salmonella in milk samples 
Lane 5: Negative control 
1 3 9 
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Fig. 69: 1.5% agarose gel illustrating the detection of E. coli / Shigella and S. 
aureus in milk by multiplex PCR with primers QVR203-QVR204 and QVR161-
QVR162 
Lane 1: 100 bp DNA ladder plus 
Lane 2-12: Milk samples. All the samples were found positive for E. coli, whereas 
only one was positive for S. aureus (Lane 10) 
Lane 13: Negative control 
1 2 3 4 5 6 7 8 9 10 11 12 13 
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Fig. 70: 1.5% agarose gel showing the detection of E. coli and its 
verotoxinogenic strains in milk by multiplex PCR with primers QVR203-
QVR204 and QVR161-QVR162 
Lane 1: 100 bp DNA ladder plus 
Lane 23>5,6,7: presence of verotoxinogenic strains of E. coli in milk samples 
Lane 4,8,9,10,11,12: presence of non-verotoxinogenic strains of E. coli in milk 
samples 
Lane 13: Negative control 
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Fig. 71: 1.5% agarose gel showing three different multiplex PCR reactions 
Lanel : 1 kb DNA ladder 
Lane 2: Salmonella, S. aureus, E. coli/Shigella 
Lane 3: Shigella, E. coli, verotoxinogenic strains 
Lane 4: S. aureus and E. coli/Shigella 
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DISCUSSION 
Bacterial food-borne pathogens are an important food safety issue worldwide. It is 
estimated that in the US, food-borne illnesses affect 6 to 80 million people each year, 
causing up to 9000 deaths, and cost about 5 billion US dollars (Altekruse el al, 1997; 
Buzby and Roberts, 1997). The development of rapid, sensitive and infallible methods 
of detecting food-bome pathogens has received much impetus in the recent years 
owing to an increased public awareness of the health hazards associated with 
microbial contamination of food. Conventional methods of detecting bacteria in food 
comprises of propagation in selective enrichment media followed by microbiological 
and biochemical tests, which are cumbersome and time-consuming. The advent of 
nucleic acid based assays like the Polymerase Chain Reaction (PCR) has led to the 
emergence of improved expedient and reliable methods of microbial identification 
and surveillance, capable of even detecting nonviable cells (Josephson et al, 1993; 
Scheuera/., 1998). 
Due to its versatility and wide range of applications, PCR has become a widely used 
tool in molecular biology. The specificity, sensitivity, speed and automation 
associated with PCR have motivated the researchers to use it as a diagnostic tool as 
well. Approximately 10% of the genes of a species in a genus are unique to each 
organism (Versalovic and Lupski, 2002). Thus, PCR can be used to exploit the 
genetic diversity of microorganisms for their identification and/or detection by 
identifying the specific DNA sequences of an organism. 
The foremost step of great significance in PCR is the preparation of template. The 
preparation of purified genomic DNA by methods like phenol-chloroform extraction 
is time-consuming and expensive, although these methods ensure high yield, and the 
purified DNA serves as a suitable template for PCR. In this study, the thermal 
extraction method was extensively used for the preparation of templates from pure 
cultures of bacteria and enriched food samples. This method produced satisfactory 
results in both the cases without sacrificing the sensitivity and specificity of the 
reaction. This protocol could not be, however, applied to fungal cultures, but a 
modified method, the Prepman method, as described in the Materials and Methods 
section, was found useful in this case. Both these methods are rapid, simple, user-
friendly and cost effective. 
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Standardization of PGR assays 
In this study, annealing temperatures of 60°C or above were used except in case of 
Aspergillus spp. The use of high annealing temperatures imparts stringency, thus 
improving the selectivity and specificity of the detection system. Further, cycling 
times were kept to its minimum - 10 to 15 sec for both denaturation and annealing in 
order to prevent unnecessary loss of enzyme activity and mispriming, respectively. 
This study indicates that it is unnecessary to use PGR programs with long cycling 
times. The PGR programs used in this study are thus faster than those found in the 
literature. In a study by Malomy et al. (2003a), the PGR protocol described by Rahn 
et al. (1992) was re-optimized to render it more rapid and stringent. The annealing 
time was shortened from 2 min to 30 sec, the extension time from 3 min to 30 sec and 
the annealing temperature was raised from 53 to 64°G. Such protocols not only 
increase the sensitivity and specificity of a reaction but also reduce the time of 
analysis. 
In this study, after standardization of concentrations of primers, 10 pmol of each 
primer were found suitable for a 20 |i.I PGR assay. Higher concentrations of primers 
may lead to generation of non-specific products with the target as well as non-target 
organisms. Rychlik el al. (1999) used a nested PGR based on invA wherein 10 pmol 
of each primer were used. Malorny et al. (2003a) also used the same concentrations of 
primers for re-standardization of several PGR protocols for the detection of 
Salmonella. In addition to imparting stringency to the PGR assay, low concentrations 
of primers also significantly reduce the cost of the reaction. 
Detection of Salmonella 
Outbreak investigations and volunteer studies have shown that certain Salmonella 
strains can cause disease at very low infective dose (Suzuki et al., 1995). Therefore, it 
has become increasingly important to develop rapid methods for the detection of 
Salmonella in food, environmental and clinical samples. 
The alignment studies of the sequences of the stn gene obtained from four serotypes 
of Salmonella, and amplification of specific products with these primers in all the 
serotypes tested suggest that this sequence (Seq. I) is conserved in Salmonella. This 
makes the gene a suitable marker not only for detection but also for the virulence of 
the organism. The flgB and C genes of Salmonella were used as another marker for its 
detection. In this case, the primers were designed in such a way so that a portion of 
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each gene was amplified by the PCR. There are nearly 50 genes involved in flagellar 
formation and function in S. typhimurium (Macnab, 1987). JlgB and C genes are 
responsible for the flagellar formation (Suzuki et al, 1978). The use of JlgB and C 
genes as markers for the detection of Salmonella has not been reported earlier. When 
subjected to inclusivity and exclusivity test reactions, as illustrated by Figs. 5 to 10, 
these reaction assays were found specific to Salmonella spp. In sterile distilled water, 
the thermal extraction method and extraction by GES gave variable results; the 
sensitivity ranged from 1 to 1000 organisms per ml. Best results were obtained by the 
Prepman method, where the sensitivity was high enough to detect I cell per ml of 
water (Fig. 11). Varying sensitivity of the PCR with different template preparation 
methods might be due to incomplete cell lysis or loss of template in between various 
processing steps. Prepman method was found to be the method of choice as it was 
found to increase the sensitivity of the protocol besides being rapid. PCR assays 
reported in the literature for the detection of Salmonella had varying degrees of 
success. Lampel et al. (1996; 2000) were able to detect 120 cells of S. enteritidis and 
30 to 50 cells of S. typhimurium in pure cultures without enrichment. Song et al. 
(1993) could detect 10 cells of S. typhi by employing a nested PCR. Malorny et al 
(2003a) could detect 5 to 50 Salmonella cells or 10 genomic copies of purified 
Salmonella DNA per reaction, whereas Rahn et al. (1992) previously reported a 
higher detection limit, 300 cells per reaction or 27 pg of extracted chromosomal 
DNA. The protocol described in the present study could detect a single cell of 
Salmonella, hence it is more sensitive than the ones developed earlier. This could be 
mainly attributed to the template preparation method and the fact that due to small 
cycling times selected in the assays, the activity of the Tag DNA polymerase is 
retained for more number of cycles. 
S. typhi, S. paratyphi A and B, and occasionally S. typhimurium cause typhoid fever 
(Al-Soud and Radstrom, 2000) and may potentially result in an overwhelming and 
fatal bacteremia (Finlay, 1994). From the clinical point of view, it is vital to develop 
improved techniques for diagnosis of bacteremia, because the early detection of 
bacteremia is of substantial prognostic and therapeutic importance (Isaacman, 1998). 
The protocol described herein facilitates the detection of less than 10 cells in 250 nl of 
human blood without any pre-enrichment (Fig. 14 and Fig. 15). With enrichment for 6 
h in Selenite F broth, 1 cell per ml of blood was also detectable. Detection of 
Salmonella in one of the culture negative blood samples (Fig. 20) indicates the 
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potential of PCR and its applicability in the diagnosis of typhoid. Song el al. (1993) 
also detected Salmonella in some culture negative blood samples of suspected 
patients. 
The inability of the PCR in detecting less than 1000 cells per ml of natural water 
might be due to presence of PCR inhibitors In the samples. However, the employment 
of a second round of PCR (nested PCR) overcame the problem and increased the 
sensitivity of the assay substantially. The application of this two-step PCR, where 
both annealing and extension were carried out at the same temperature (70°C), made 
the PCR more sensitive and rapid. The intensity of the amplified products did not 
decrease with the decrease in the number of cells when the second round of PCR 
(nested PCR) was applied (Fig. 13). This indicates the potential of the nested PCR in 
increasing the sensitivity of a PCR assay, in a similar study by Rychlik et al. (1999), 
application of a nested PCR increased the sensitivity 1000 times as compared to the 
results of a single PCR application. Water being a common source of Salmonella 
infection (Samighausen et al, 1999) may at times contain very low cell counts and, 
therefore, may go undetected unless a very sensitive detection assay is available. The 
full potential of diagnostic PCR was suggested to be limited, in part, by the presence 
of inhibitors in complex biological samples (Gouws et al, 1998; Al-Soud and 
Radstrom, 2000). We have thus overcome inhibition problems in water and blood 
samples. Hence, protocols developed here may effectively be employed for detection 
of Salmonella contamination in water, and bacteremia in suspected patients. The 
specificity of our assays is further indicated by the fact that no PCR inhibition or 
generation of any amplification products was observed due to DNA from blood cells. 
A careful examination of the agarose gel in Fig. 15 shows discrete bands of total DNA 
from blood, but no irvterference was observed despite the use of high concentrations of 
DNA in the reaction. 
Several milk samples were also found positive for Salmonella with primers based on 
flgB and C while giving negative results with primers based on the stn gene. The 
presence of Salmonella in these samples, as confirmed by I6S rDNA sequence 
analysis, depicts that stn gene is not universally present in all Salmonella species. 
Although, this gene can be used as a marker for the detection of enterotoxinogenic 
strains of Salmonella but detection on the basis of this marker would not detect the 
Salmonella strains devoid of the stn gene. Enterotoxinogenicity has been recognized 
as one of the distinct pathological attributes of diarrhoea inducing bacteria (Giannella, 
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1981). Salmonella induced diarrhoea is a complex phenomenon involving several 
pathogenic mechanisms including production of the enterotoxin (Baloda et al, 1983). 
The production of enterotoxin is mediated by the Salmonella enterotoxin {stn) gene 
(Chopra et al., 1987), which is located at approximately 89 min on the S. typhimurium 
chromosome (Chopra et al., 1994). The presence of an intact stn gene contributes 
significantly to the overall virulence of Salmonella (Chopra et al, 1999). Our results 
are contradictory to the findings of several investigators who suggested that stn gene 
is universally present in Salmonella spp. (Baloda et al, 1983; Makino et al, 1999). 
Makino et al (1999) amplified a fragment of 260 bp of stn successfully from 542 
Salmonella isolates with 52 serotypes. The detection limit of their method was one 
cell per gram of faecal and minced meat samples after an enrichment step of 16 h. 
Murugkar et al (2003) also found that the stn gene could be used as a reliable marker 
for the detection of Salmonella. They could detect all 95 Salmonella strains by PCR 
targeting the stn. Rahman (1999), however, reported the absence of the stn gene in S. 
bongori strains. The contradiction in the results may be due to the fact that these 
researchers have used only the clinical isolates of Salmonella. As the stn gene 
contributes significantly to the virulence of this organism, the absence of this gene in 
clinical isolates is unlikely. In view of the above facts, the PCR assay was made much 
useful by establishing a duplex reaction that could differentiate between 
enterotoxinogenic and non-enterotoxinogenic strains of Salmonella (Fig. 16). Such a 
PCR reaction is not only applicable for the detection of Salmonella but also gives an 
idea about the pathogenic nature of the organism. 
DNA based methods for the detection of Salmonella are considered to require crucial 
improvement to suit the sample types, the multiplicity of Salmonella subtypes and 
varying levels of specific and non-specific contamination (Rychlik et al, 1999). 
Therefore, the present assay is a step forward in overcoming some of the shortfalls of 
the PCR technique for the detection of Salmonella. The protocols described herein 
could be used for detection of Salmonella in enriched samples of food and clinical 
samples. However, it is imperative to develop proper procedures for the template 
preparation in order to directly apply this detection system to other food and clinical 
samples. 
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Detection of Escherichia coii and Shigella 
Since E. colt and Shigella are genetically very closely related, PCR primers designed 
to detect members of Shigella often detect pathogenic E. coll as well (Olsen et al, 
1995). Shigellae are human pathogens and are extremely difficult to detect in complex 
matrices such as foods. The infectious dose of shigellae is reported to be in the range 
of 10 to 200 organisms (DuPont et al, 1989). Shigella is also noted for its high 
transmission rates through person-to-person contact. At present, foods are not 
routinely screened for the presence of human pathogenic bacteria such as Shigella, 
rather they are screened only after clinical and epidemiological information to identify 
the causative agent of an outbreak caused by the consumption of contaminated food 
(Lampel et al, 2000). 
Shiga toxin-producing E. coli (STEC) strains, also referred to as verocytotoxin-
producing E. coli strains, are an important cause of food-borne disease worldwide. 
Infection with Shiga toxin-producing E. coli (STEC) in humans has been associated 
with a spectrum of diseases, including diarrhoea, haemorrhagic colitis, and haemolytic 
uremic syndrome (HUS) (Karmali, 1989; Griffin and Tauxe, 1991). The strains 
belonging to these STEC serotypes can produce cytotoxins, which collectively are 
called Shiga toxin (Stx) (also verotoxin and Shiga-like toxin) (O'Brien and Holmes, 
1987). Foods that have an animal origin, such as beef, have been identified as the 
main vehicles of these food-borne pathogens. The importance of STEC transmission 
through the food chain has been illustrated by many outbreaks worldwide. For 
example, the 1996 outbreak in Japan was initially caused by the consumption of 
school lunches contaminated with E. coli serotype 0157:H7; eventually, there were 
9,578 reported cases, 11 people died, and there were more than 90 diagnosed cases of 
HUS (Bettelheim, 1997). In 1992 and 1993, a multi-state outbreak in the United 
States, which was attributed to consumption of hamburgers contaminated with E. coli 
0157:H7, involved more than 700 people and there were four deaths and 51 cases of 
HUS (Centers for Disease Control, 1993). The 1996 Scottish E. coli 0157 outbreak 
associated with meat products resulted in 490 cases of infection and 18 deaths 
(Bradbury, 1997). These facts make it imperative to develop rapid methods for the 
detection of E. coli, Shigella and their verotoxinogenic strains. 
In this study, three markers- uidA of E. coli, ipaH of Shigella flexneri and genes 
encoding verotoxin A and B subunits of E. coli were targeted by PCR for the 
detection of E. coli, Shigella and their verotoxinogenic strains, uid has been 
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successfully used earlier for the common detection of E. coli and Shigella (Bej et ai. 
1991). The uidA structural gene of )9-D-glucuronidase and the uidR regulatory gene, 
which controls uidA expression, are located at 36 min on the E. coli linkage map 
(Novel and Novel, 1973; Jochimsen et al^ 1975). y5-D-glucuronidase is the first 
enzyme of the hexuronide-hexuronate pathway in E. coli K-12 (Baudouy-Robert et 
al, 1970). ipaH, a gene of unknown function, is present in multiple copies on the 
invasive plasmid and the chromosome of Shigella (Buysse et al, 1987). The invasive 
plasmid is present in all virulent Shigella spp. and entero-invasive E. coli (EIEC). The 
use of ipaH as a marker for the detection of Shigella has been well established 
(Hartman et al, 1990; Lampel et al, 2000). Primers based on these genes were 
designed in such a way so that all the three pairs have the same Tm and amplify 
fragments of different molecular sizes. This makes their multiplexing possible. PCR 
assays with these primer pairs were standardized separately and evaluated by 
Inclusivity and exclusivity test reactions before multiplexing (Fig.25 and Fig. 26). The 
inclusivity and exclusivity tests indicate the high specificity and selectivity of the 
PCR assays. The multiplex PCR developed for the detection of these organisms is 
useful for their detection, differentiation between E. coli and Shigella and their 
verotoxinogenic strains (Fig. 29). The nature of the organism with respect to 
verotoxinogenecity gives an idea about severity of the problem. Further, it reduces the 
cost of the reaction and increases the throughput besides reducing the time of analysis. 
This multiplex PCR was found to be highly specific and the primers did not interfere 
with one another (Fig. 30). PCR assays detected a single cell of E. coli or Shigella 
depicting the high sensitivity of the assay system (Fig. 32). Similar sensitivity has 
been achieved by Villalobo and Torres (1998) by using primers based on virA for the 
detection of Shigella. 
Detection oi Staphylococcus aureus 
S. aureus is one of the most commonly found pathogenic bacteria and is hard to 
eliminate from the human environment (Perez-Roth et al, 2001). It is responsible for 
many nosocomial infections, besides being the main causative agent of food 
intoxication by virtue of its variety of enterotoxins (landolo, 1989). Many strains of S. 
aureus produce enterotoxins, which if ingested (e.g., via contaminated foods) may 
cause staphylococcal food poisoning. Several different types of enterotoxin have been 
identified (Bergdoll e/a/., 1974). 
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For the detection of 5'. aureus, four gcnes-femA, fmhA, coagulase and catalase were 
targeted by PCR. The femA gene encodes a factor, which is essential for methiciliin 
resistance and is universally present in all S. aureus isolates. The femA gene product, 
a 48 kDa protein, has been implicated in cell wall metabolism and is found in large 
amounts in positively growing cultures (Johnson et al, 1995; Vannuffel et ai, 1995/ 
Several other workers have targeted this gene for the specific detection of S. aureus 
(Vannuffel et al., 1995; Mehrotra et ai, 2000). 
Catalase is a heme-containing enzyme involved in dismutation of hydrogen peroxide 
generated during cellular metabolism to water and molecular oxygen. Most of the 
catalases characterized can be classified into one of the two types based on their 
enzymological properties: monofunctional or typical catalases, and bifunctional 
catalase-peroxidases (Loewen, 1992). In S. aureus, a typical catalase with high levels 
of enzymic activity and formed by four identical subunits of approximately 60 kDa 
has been described (Rupprecht and Schleifer, 1979; Ruiz Santa Quiteria eta/., 1992). 
Three proteins, FmhA, FmhB and FmhC, with significant identities to FemA and 
FemB were identified in the Staphylococcus aureus genome database by Tschierske et 
al. (1999). The function of FmhA is not clear. We have targeted the gene fmhA for its 
evaluation as a target for the detection of S. aureus. Furthermore, primers were 
designed on the basis of sei gene for the detection of SEI- positive strains. Our studies 
indicate that the primers designed on the basis of gene, sequences of femA, fmhA and 
the catalase genes of S. aureus can be specifically used for the detection of this 
pathogen. The fact that, no amplifications were obtained with the templates prepared 
from other bacterial cultures, particularly other species of Staphylococcus, advocates 
the high specificity and selectivity of these protocols (Figs. 35 to 38). However, the 
primers targeting the coa and sei genes of S. aureus amplified DNA from only some 
of the strains of S. aureus tested (Fig. 39). Therefore, it is evident from the results that 
sei and the coagulase genes cannot be used as a common detection marker for S. 
aureus. Nevertheless, the primers based on these genes can be used for the 
detection/identification of SEI-positive and catalase-positive cultures of S. aureus, 
respectively. However, it is yet to be resolved whether S. aureus catalase gene 
sequence is conserved. TTiis would need a thorough investigation and evaluation of 
this PCR with a large panel of known catalase-positive and catalase negative cultures. 
Nevertheless, the primers based on these genes do not show a tendency to amplify 
templates prepared from other Staphylococcus spp. The cross-reactivity of primers 
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QVR182-QVR183 (based on fmM) with the DNA of Acinetobacter baumannii (Fig. 
42) emphasizes the significance of selection of primers in PCR. Although primers 
QVR180-QVR181 and QVR182-QVR183 are based on the same target gene, the 
former pair is more specific than the latter. It also signifies the importance of 
molecular size of the amplicons in interpretation of the results. 
The multiplex PCR (Fig. 43) developed in the present study is useful not only for the 
detection of this important human pathogen but also detects an important marker, sei. 
Enterotoxinogenic S. aureus are the main cause of food poisoning and cause intensive 
intestinal peristalsis (Schlievert, 1993). The minimum number of cells that could be 
detected by using these PCR assays was 10^ cells in a 20 |il reaction assay (Fig. 44). 
The sensitivity is very low as compared to the protocols devised for the detection of 
Salmonella, Shigella and E. coll This may be due to the fact that S. aureus is a Gram-
positive bacterium that may cause hindrance in cell lysis. When this assay system was 
employed for the detection of S. aureus in artificially contaminated milk samples, no 
amplifications were obtained (Fig. 47). Components of milk such as calcium ions 
could be identified as a source of PCR inhibition (Bickley et al, 1996). The inhibition 
could also be due to SDS where an SDS-based DNA extraction procedure was 
employed. Ionic detergents (e.g. sodium deoxycholate, sarcosyl and sodium dodecyl 
sulphate) have been shown to have inhibitory effects on PCR (Weyant et al, 1990). 
To overcome the PCR inhibition, an enrichment step was employed in this study. 
Detection of Aspergillus flavus and A. parasiticus 
A. flavus and A. parasiticus are of most concern in the group of afiatoxinogenic 
moulds. A. flavus is also the second leading cause of aspergilliosis in the US, second 
to A. fldmigatus. In some parts of the US, it is as commonly isolated from infected 
lung tissue as A. fiimigatus (Payne, 1998). Afiatoxins are potent carcinogenic, 
mutagenic, and teratogenic metabolites produced primarily by the fungal species 
Aspergillus flavus and A. parasiticus. Foods and feeds, especially in warm climates, 
are susceptible to invasion by afiatoxinogenic Aspergillus species and the subsequent 
production of afiatoxins during pre-harvesting, processing, transportation, or storage 
(Ellis et al., 1991). Over the last few years, means for mycotoxin detection have been 
simplified. This is mainly because of the official recognition of immunological 
methods. However, the level of mould infestation and the identification of governing 
species are still important parameters, which could give an indication of the quality of 
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the material as well as of the future potential for the presence of mycotoxins. 
Therefore, presence or absence of moulds is included in the quality control assurance 
of many foods (Shapira et al, 1996). 
In this study, the aflJ genes of A. Jlavus and A. parasiticus have been used as targets 
for the detection of these moulds. aflJ gene resides in the cluster adjacent to the 
pathway regulatory gene, aflR, and the two genes are divergently transcribed. 
Disruption of qfU in Aspergillus flavus results in a failure to produce aflatoxins and a 
failure to convert exogenously added pathway intermediates norsolorinic acid, 
sterigmatocystin, and 0-methylsterigmatocystin to aflatoxin (Meyers etal, 1998). 
The primers based on afU genes of A. Jlavus and A. parasiticus gave cross-reactions 
with both organisms (Fig. 49 and Fig. 50). This indicates the high homology of this 
gene in these species of Aspergillus. The specificity of these primers for the detection 
of these moulds is emphasized by the fact that these oligonucleotides did not prime 
the synthesis of any amplicons from the non-target DNA including that from other 
species of Aspergillus (Fig. 51 and Fig. 52). The sensitivity was high enough to detect 
1-5 fg of purified DNA (Fig. 53). However, the attempts in detecting these moulds 
directly in artificially contaminated samples of walnut kernels did not produce 
desirable results. It may be mainly attributed to the presence of various interfering 
substances. Moreover, moulds are found on dry food mostly as asexual spores or 
dried mycelia, which contain only small amounts of DNA and are resistant to cellular 
disruption for DNA extraction (Shapira et al, 1996). No DNA extraction could be 
achieved by thermal shock method even in vegetatively growing cultures, but the 
Prepman method produced desirable results. Enrichment in Sabouraud Dextrose 
medium was employed for the detection of these moulds in food samples. 
Confirmation of the targets 
For each organism, the PCR products were sequenced so as to confirm that the right 
target was amplified. This is important since wrong choice of primers can generate 
non-specific amplified bands. Furthermore, a simple restriction digestion assay was 
designed for the confirmation of the right target. This confirmatory test, although not 
required regularly, may be useful for any doubtful results. 
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Validation of protocols 
In vitro amplification of DNA by PCR has become a powerful tool in diagnostics. 
However, due to lack of validation and standard protocols, as well as the variable 
quality of reagents and equipment, the method produces inconsistent results between 
expert and end-user laboratories (Melorny et al, 2003a). It is, therefore, of great 
significance to validate the PCR by using spiked coded samples for evaluation of the 
protocols and further subject the protocols to validation at other centres. For the 
validation of the protocols described herein, coded samples of 11% skimmed milk 
were received from NICED, Kolkata and analyzed in our laboratory. Primers and 
protocols were also sent to them for the validation at their centre. Further, primers for 
the detection of Salmonella and Shigella were sent to AIIMS, New Delhi and ITRC, 
Lucknow for further validation. We perfectly detected the pathogens present in the 
coded samples and all the other three centres confirmed our results (Table 11). 
However, although our protocol targeting the catalase gene for the detection of S. 
aureus detected the samples spiked with this pathogen correctly, other sets of primers 
failed to detect the same. Similar problem was encountered by the workers at CFTRl, 
Mysore, who have also developed a method for the detection of S. aureus but could 
not detect the same in the spiked samples procured from NICED, Kolkata. The Task 
force committee. Dept. of Biotechnology, Govt, of India, New Delhi, therefore, 
decided to take up the validation of the protocols for the detection of S. aureus again 
by all the above-mentioned research centers to reach a conclusion. 
Detection of pathogens in naturally contaminated food samples 
For the examination of the bacterial pathogens in different food samples, an 
enrichment of 8-10 h in Brain heart infusion broth was applied. Similar enrichment 
step was applied by Hsu and Tsen (2001) prior to PCR for the detection of E. coli in 
water and milk samples. For the detection of A. flavus/A. parasiticus, enrichment was 
achieved in Sabouraud dextrose broth. The employment of an enrichment step 
minimizes the concentration of PCR inhibitors and food matrix while increasing the 
number of target organisms. Enrichment also ensures that only viable organisms are 
detected by the diagnostic method. PCR-based methods are frequently being used in 
many laboratories for culture confirmation tests and detection of genes coding for 
toxins etc. However, these methods are increasingly being used for the detection of 
pathogens in mixed cultures from enriched food samples. Pathogens in food have 
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been directly detected by molecular methods, but only in few cases. Major problems 
concerning the detection of dead cells, the presence of enzyme inhibitors in food 
samples and the accessibility of the target organisms remain to be solved before this 
can be routinely performed (Olsen et al, 1995). 
The incidence of these pathogens in walnut kernels was not very high except for A. 
jlavus/A. parasiticus (Table 12). Salmonella was detected in 1% samples whereas E. 
coli and Bacillus cereus in 3% of them. None of the samples of apple juice 
concentrate were found positive for Salmonella, E. coli, and Shigella. However, 6.7% 
of the samples were positive for S. aureus, 8.3% for A. flavus/A. parasiticus and 3.3% 
for Bacillus cereus. 
The presence of S. aureus, A. jlavus/A. parasiticus and B. cereus indicates the poor 
microbiological quality of these products. Ready-to-eat foods contaminated with 
pathogens may not always cause illnesses but there is good microbiological and 
epidemiological evidence that small numbers of pathogens in foods have caused 
illness (HCAC, 1997). There is no justification for processed ready-to-eat foods to be 
contaminated with these organisms, and their presence even in small numbers renders 
these foods unacceptable/potentially hazardous (PHLS, 2000). Further, legislation in 
many countries requires the absence of Shigella in 25 g amounts of foods (Hayes, 
1985). However, none of the samples was found positive for Shigella. 
The high incidence of Salmonella (60%), E. coli (96%) and verotoxinogenic strains of 
E. coli (60%) in milk samples, as indicated in Table 12, throws light on the 
unhygienic conditions prevalent in the country. Although, milk is not consumed raw, 
presence of these pathogens still poses a high risk for milk-borne infections. Improper 
processing of milk may leave some of these pathogens viable thus causing food-borne 
infections. However, this part of the study was carried out more in order to assess and 
fine-tune these detection systems for the detection of pathogens in naturally 
contaminated samples. Amongst the food samples, milk has been shown to be a 
natural reservoir for a number of pathogenic strains and thus represents a significant 
health risk (Champagne et al., 1994). However, an integrated approach for the 
detection of multiple pathogenic strains present in milk is desirable. This would yield 
adequate information about the microbiological quality of milk and ensure public 
health. 
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Microbiological quality of walnut kernels and apple juice concentrate 
The microbiological characteristics with respect to the heterotrophic colony count and 
total mould count of walnut kernels and pasteurized apple juice concentrate (Table 
13) present a scenario of the quality of these products. The poor quality of these 
important horticultural commodities of good export potential leads to enormous 
economic loss in addition to posing a severe risk to public health. Microbial counts: 
viable count as well as the mould count in pasteurized juice must necessarily be low 
in order to ensure keeping quality. However, spore-forming bacteria and moulds often 
survive pasteurization, especially if the products have not been handled properly. 
High bacterial and mould counts may be indicative C)f improper hygiene and may 
perhaps be the result of poor quality of fruit used. The contamination of these 
products with organisms like Bacillus cereus, Klebsiella and Enterobacter is also of 
serious concern. B. cereus, an aerobic spore-former is associated with food-borne 
illnesses (Peng et ai, 2001). B. subtilis has also been associated with food-borne 
diseases but definitive evidence is lacking to identify these organisms as food-borne 
pathogens (ICMSF, 1996). Members of genus Klebsiella are responsible for 
nosocomial infections. While such infections are usually caused by K pneumoniae 
and K oxytoca, rare episodes caused by environmental strains have also been reported 
in the literature (Westbrook et al, 2000). All Enterobacter spp. are found in natural 
environment and some species are occasional and opportunistic pathogens (Bergey's 
Manual of Systematic Bacteriology, 1994). 
High incidence of moulds and isolation of Aspergillus and Penicillium spp. from most 
of the samples of these food products, as described in the Results section, gives an 
idea about the poor post-harvest processing. The results are in agreement with the 
findings of Bayman et al (2002). They also found Aspergillus, Penicillium and 
Rhizopus as the most common genera isolated from various nuts. Post-harvest 
handling has a major influence on nut mycoflora and nuts with fungi are usually 
colonized by several fungi rather than by single species. 
The speed, sensitivity and specificity of PCR render it an ideal tool for various 
applications in molecular biology. The ability of PCR to amplify specific DNA 
sequences makes it further suitable for the detection of microorganisms including 
food-borne pathogens. The methods developed for the detection of some selected 
pathogens in this study are highly specific, sensitive and rapid. Moreover, the 
multiplex PCR assays described herein detect more than one type of organism in a 
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single reaction tube or differentiate between toxinogenic and non-toxinogenic strains 
of the same organism. The PCR programs used here are faster than those previously 
reported as in most of the cases the actual PCR reaction is completed within one and a 
half hours. Validation studies proved the accuracy and reliability of these protocols. 
Further, application to naturally contaminated samples produced desirable results 
indicating that these methods could be readily used for the analysis of field samples 
and quality control of various foods. Although, the detection systems were developed 
mainly for the analysis of foods and food products, they have enormous applications 
in clinical diagnosis and scientific research. As is evident from this study, direct 
detection of pathogens in the food samples did not yield desirable results, however, 
enrichment solves this problem along with many others like low template, and 
presence of PCR inhibitors and dead cells. The reliability of a PCR detection method 
depends, in part, on the purity of the template and the presence of sufficient numbers 
of target molecules. With such complex matrices as foods, steps must be taken to limit 
the effects of any potentially inhibitory compounds present that may limit PCR 
amplification of the intended target. Enrichment steps are frequently required to 
enhance PCR detection sensitivities and overcome low pathogen numbers. Other 
means can be employed, however, when selective enrichment methods are not 
possible or do not exist. These other means include immunomagnetic separation (Bej 
et al, 1990; Fluit et ai, 1993) and filter formats (Walls et al, 1990; Lampel et al, 
2000), both of which are designed to concentrate microorganisms and remove 
potential PCR inhibitors. 
Despite the various virtues of PCR, several precautionary measures need to be taken 
when it is employed for the detection of food-borne pathogens. One of the serious 
problems that are encountered is the carry-over contamination. To avoid this, it is 
imperative to use separate dedicated chambers for PCR and processing of PCR 
products. Autoclavable pipettes dedicated to this purpose should be used and 
sterilized frequently. Further, pipetting errors and use of low quality PCR reagents 
should be avoided in order to obtain desirable and consistent results. 
To make these methods more informative and useful, there is scope for improvement 
by the employment of various techniques. For example. Reverse Transcriptase PCR 
can be applied wherein mRNA is used as a template instead of DNA. Such a protocol 
would detect viable cells only as non-viable cells do not synthesize mRNA actively. 
For quantification of the initial number of cells in a sample, quantitative Real Time 
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PCR (QPCR) can be employed. Although useful, such methods are costly and more 
intricate than simple PCR. Further, these techniques can be performed only in well-
equipped molecular biology laboratory. In contrast, methods developed in this study 
are user-friendly, simple and cost effective. 
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SUMMARY 
Food-borne diseases are recognized as one of the most serious public health concerns 
today. With travel and trade increasing over the years, the risk of dissemination of 
pathogens grows continuously. Microbiological quality control programmes are 
increasingly applied throughout food production in order to minimize the risk of 
infection for the consumer. Thus, the availability of reliable, rapid and specific test 
systems to detect the presence or absence, or even the degree of contamination of 
pathogens, becomes increasingly important for the agricultural and food industry. 
Such systems would also fmd a place within the framework of legislative control 
measures. 
Traditional and standardized analysis of food for the presence of bacteria relies on the 
enrichment and isolation of presumptive colonies on solid media, using approved 
diagnostic artificial media. This is usually followed by biochemical and/or serological 
identification. Traditional methods of detection, though reliable and efficient, require 
several days to weeks before results are obtained. Furthermore, phenotypic properties 
by which the bacteria are identified may not be always expressed; and when 
expressed, they may be difficult to interpret and classify. Another disadvantage of 
traditional methods is that cells, which are viable but otherwise non-culturable, cannot 
be detected, e.g. some stressed Campylobacter spp. 
Advances in molecular biology technology, particularly the Polymerase Chain 
Reaction (PGR), have allowed for more reliable microbial identification and 
surveillance. PGR has also become a valuable tool for investigating food-borne 
outbreaks and identifying the responsible etiological agents. PGR techniques have 
provided increased sensitivity, allowed for more rapid processing times and enhanced 
the likelihood of detecting bacterial pathogens. In addition to analysis of foods, PGR 
has also been successfully applied to the detection and identification of pathogenic 
organisms in clinical and environmental samples. 
In this study, efforts were made to evaluate different genetic markers to develop PGR-
based assay systems for the detection of certain important food-borne pathogens, with 
the goal to develop ready-to-use kits for their detection in foods. Further, multiplex 
PGR assays were developed for the detection of more than one organism or 
differentiation between toxinogenic and non-toxinogenic strains of the same organism 
simultaneously. Following is the summary of the work accomplished. 
Detection of Salmonella 
In this study, Salmonella enterotoxin (stri) and JlgB and C genes of Salmonella were 
targeted for the PCR-based detection. Salmonella enterotoxin gene {stn) was 
sequenced from Salmonella typhimurium, S. typhi, S. paratyphi A and S. paratyphi B. 
The sequences from all the four serotypes showed complete homology with the 
already reported stn gene sequence of the S. typhimurium. As a tool for detection of 
this organism, four pairs of oligonucleotide primers were designed to amplify 
different fragments of this important pathological marker and one set to amplify a 
common fragment of flgB and C genes. The protocols were standardized with 
serotype S. typhimurium in such a way so as to complete the PCR reaction in 75-90 
min. These primers were found to generate specific amplicons with all the serotypes 
of Salmonella tested. The PCR protocols were found to be highly specific as no 
amplifications, specific or non-specific, were found when reactions were run using 
non-Salmonella DNA as template. The protocol described herein is highly sensitive as 
it detects less than 10 cells of Salmonella in 250 |il of blood and approx. 1 cell in I ml 
of distilled water without any enrichment prior to the PCR. A nested PCR was 
employed to obtain comparable sensitivity of the assay in natural water samples. 
When templates prepared from enriched milk samples were subjected to PCR, several 
samples generated specific amplicons with primers targeting the flgB and C genes, 
whereas only a few gave a positive reaction with the primers based on the stn gene. 
Characteristic Salmonella spp. that gave positive signals with primers based on flgB 
and C but were devoid of stn gene were thus isolated from the milk samples and 
identified by 16 S rDNA sequence analysis. The isolates were found to be species of 
the genus Salmonella. This study indicates that some isolates of Salmonella are 
devoid of stn gene, therefore it can be used as a molecular marker for the detection of 
enterotoxinogenic Salmonella spp. only. However, the presence of stn in an isolate of 
Salmonella is of substantial importance as this gene plays an important role in the 
pathogenicity of this organism. 
In view of the above, a multiplex PCR reaction was developed to differentiate 
between enterotoxinogenic and non-enterotoxinogenic strains of Salmonella, where 
the primer pair designed to amplify a fragment of 1318 bp of stn was used along with 
the primers that amplify a 752 bp fragment of flgB and C genes. This multiplex PCR 
was found to be specific when subjected to inclusivity and exclusivity tests using a 
panel of Salmonella and non-Salmonella strains. The sensitivity was approx. 1 cell per 
20-nl PCR assay. This detection system was applied to blood samples of suspected 
patients of typhoid and Salmonella was detected in only one sample. All these 
samples, however, were culture negative. 
Detection of Escherichia coli and Shigella 
The common detection of E. coli and Shigella based on the amplification of a 
fragment of w/Jgene is one of the foremost events of PCR-based diagnosis of human 
pathogens. Shigella and E. coli show a high degree of genetic similarity and most of 
the sets of primers designed for the detection of one organism generate specific 
products with the DNA of the other also. Thus, primers reported on the uid, that codes 
for P-glucuronidase have been found to generate specific products with both E. coli 
and Shigella DNA. 
In order to differentiate between these two organisms and detect their verotoxinogenic 
strains, a multiplex PCR was developed based on the oligonucleotide primers 
designed on the nucleotide sequences of the genes uidA (common for both E. coli and 
Shigella spp.), ipaH (specific for Shigella spp.) and verotoxin coding gene of E. coli. 
The latter was found to be specific for Shigella dysenteriae and pathogenic strains of 
E. coli such as E. coli 0157:H7. These PCR reactions were standardized separately 
and were found to have no tendency to amplify DNA from other species of bacteria. 
A multiplex PCR developed by combining all the three reactions was found to 
generate specific products, whereas the primer pairs did not interfere with one 
another. This mPCR assay was further subjected to specificity tests and DNA samples 
from a panel of non-specific bacteria were used in exclusivity testing and found to be 
specific for the targeted pathogens. 
In this mPCR, the interpretation of results was done on the basis of pattern of the 
amplicons generated; the amplifications of 884 and 293 bp indicates the presence of 
Shigella spp., an amplification of 293 bp alone indicates the presence of E. coli and 
the further presence of a 196 bp amplicon indicates the verotoxinogenic nature of the 
strain. Specific patterns of bands were obtained when different strains of E. coli and 
Shigella spp. were subjected to this mPCR assay. The amplification of 196 bp from 
the verotoxin gene was obtained in case of Shigella dysenteriae and E. co// 0157: H7. 
While 5. flexneri and 5. sonnei generated specific products of ipaH and uidA genes 
when subjected to this mPCR reaction, no amplicon of the verotoxin gene was 
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obtained. The PGR assays, individually, as well as in the mPCR assay could detect 
about 1 cells per 20-^1 PGR reaction. 
Detection of Staphylococcus aureus 
Two pairs of oligonucleotide primers were designed On the basis of the nucleotide 
sequence of firth gene, and one pair each for the amplification of fragments of femA, 
catalase and coagulase genes of S. aureus. Two more pairs of primers were designed 
to amplify fragments of S. aureus enterotoxin I {sei) gene. All the primer pairs were 
found to generate expected specific amplification products when PGR reactions were 
run with the genomic DNA or cell lysate of S. aureus. However, not all the strains of 
S. aureus gave positive results when subjected to PGR with primers based on the 
coagulase and sei genes. The PGR assays thus developed were found to be specific for 
S. aureus as no amplifications were generated when DNA from other species of 
Staphylococcus and a panel of other Gram-positive and Gram-negative bacteria were 
subjected to these assays. Interestingly, a non-specific amplification of 600 bp was 
generated from the DNA of a Gram-negative bacterium with one set of the primers 
targeting the finh gene. However, no amplification was found when the same DNA 
was used as template in the PGR reactions with the other primer pairs. This organism 
was subsequently identified by 16 S rDNA sequence analysis as Acinetobacter 
baumannii. The 600 bp amplicon thus obtained was sequenced and found to be the 
gene coding for /?-subunit of DNA gyrase. Thus, one of the primer pairs based on the 
finh gene was found more specific than the other. Multiplex PGR (mPGR) reactions 
were developed by combining either of these primer pairs based on sei gene with the 
one designed for finhA. The primers did not interfere with each other and generated 
both the amplicons in a single reaction, thus detecting S. aureus and differentiating 
between je;-positive and je/-negative strains. The mPGR thus developed when 
applied to DNA samples from non- Staphylococcus aureus strains did not produce 
any amplicons. 
Both the simple and multiplex PGR reactions were found to detect 10^ cells of S. 
aureus in a 20 PGR reaction. 
Detection of Aspergillus flavus and A. parasiticus 
A. flavus and A. parasiticus are the two most important fungal species that produce 
aflatoxins and are responsible for a significant economic loss by contaminating food 
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commodities such as fruits and nuts. These species of Aspergillus are widely 
distributed and frequently isolated from fruits, nuts, cereals and milk. 
For the detection of A. flaws, four pairs of primers designed for the amplification of 
different fragments of AflJ gene, were used. These oligonucleotide primers generated 
specific amplicons when DNA samples from A. flavus strains were used as template. 
However, the primers also generated specific PCR products with the strains of A. 
parasiticus. When primers based on the same gene of A. parasiticus were used, 
specific amplifications were obtained with both the species. All these sets of primers 
were found specific for these two species, as no amplifications were generated upon 
subjecting DNA samples from other Aspergillus spp. or other genera of moulds to 
PCR. The PCR reactions were sensitive enough to detect 1 fg genomic DNA. 
To simplify the protocol, a short method of template preparation, the Prepman 
method, was applied for PCR, where a small loop of mycelial growth of the fungus 
was suspended in the Prepman solution and lysates were prepared by the thermal 
shock procedure. 
Confirmation of the targets 
In order to confirm that the right targets were amplified, the PCR products obtained 
were sequenced. The DNA sequences thus obtained were found to be the specific 
gene fragments that were targeted. Further, restriction digestion of these amplified 
gene fragments gave the specific digestion patterns that were in agreement with the 
restriction map of their parent nucleotide sequences. 
Validation of the methods 
In order to validate the methods developed during this study, 80 coded samples of 
11% skimmed milk spiked with different pathogens were prepared by NICED, 
Kolkata and transported to RRL, Jammu at 4°C. The samples were analyzed for the 
presence of the pathogens by the protocols developed in this study. 9 samples were 
found positive for Salmonella, all being enterotoxinogenic strains. 18 samples were 
found positive for verotoxinogenic E. coli, 2 samples for non-verotoxinogenic 
Shigella, 2 for Staphylococcus aureus and 6 for Aspergillus flavus. None of samples 
generated any non-specific amplified bands when PCR assays were performed on 
extracted DNA templates. Further, our kits were also sent to NICED, Kolkata and 
AlIMS, New Delhi for further validation at their centres. The data were presented b} 
all the centres in the Tasit Force Meeting of Department of Biotechnology, Govt, of 
India, New Delhi, and the protocols thus developed were found to detect the 
pathogens correctly, and it was proposed that the procedures developed during this 
study shall be further modified for the development of ready-to-use kits for the 
routine detection of pathogens in food and clinical samples. 
Microbiological analysis of Walnut kernels and apple juice concentrate 
50 samples of walnut kernels and 30 samples of apple juice concentrate each were 
analyzed for microbiological characteristics. 2%, 68% and 30% of the samples of 
walnut kernels were respectively found satisfactory, acceptable and unsatisfactory on 
the basis of their Total Aerobic Heterotrophs (TAH). Only 15% of the samples of 
pasteurized apple juice concentrate were found to possess the desired TAH of less 
than 100 c.f.u ml"'. The predominant contaminants of walnut kernels were found to be 
the species of Bacillus, Klebsiella, Enterobacter and Staphylococcus. Samples of 
apple juice concentrate were predominantly found contaminated with species of 
Bacillus, Staphylococcus and Micrococcus. However, Bacillus cereus, Salmonella 
and E. coli were also isolated from some of the samples of walnut kernels. B. cereus 
was also obtained from some of the samples of pasteurized apple juice concentrate in 
high numbers. Among the moulds Penicillium, Aspergillus, Cladosporium, Rhizopus 
and Mucor were isolated from these products. 
Detection of pathogens in naturally contaminated foods 
In order to assess these procedures for routine quality control and examination of 
various naturally contaminated foods, samples of walnut kernels, apple juice 
concentrate and raw milk were tested for the presence of these pathogens. The 
pathogens could be effectively detected after a common enrichment step of 8-10 h. In 
a total of 100 samples of walnut kernels, only a single sample was found positive for 
Salmonella, three for E. coli, twenty-three for Aspergillus Jlavus/A. parasiticus and 
none for Shigella and Staphylococcus aureus. Three samples were found positive for 
Bacillus cereus with primers already reported. 
A total number of 60 samples of apple juice concentrate were subjected to PCR-based 
detection of pathogens, where none of the samples was positive for Salmonella, E. 
coli, and Shigella. However, four samples were positive for S. aureus, five for A. 
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flavus/A. parasiticus and two samples were found positive for B. cereus witii primers 
already reported. 
In a total of 50 raw milk samples, Salmonella spp. were detected in 30 samples 
wherein only 6 were enterotoxinogenic, E. coli in 48 samples, whereas 30 samples 
were positive for verotoxinogenic E. coli. 3 samples were also found positive for 
aureus and none for Aspergillus flavus/A. parasiticus. 
Other multiplex PCR reactions 
To further decrease the time of analysis and the cost of the assay, multiplex PCR 
reactions were developed in which primers were used for the common detection of E. 
coli and Shigella (uidA) and Salmonella (flgB & C). Another multiplex assay was 
developed for the detection of S. aureus (JmhA), E. coli and Shigella. This indicates 
the future prospects of these methods for the detection of a desired panel of pathogens 
in food, clinical or environmental settings. 
The PCR-based methods developed in this study provide sensitive and rapid methods 
for the detection of food-borne pathogens, and in many cases important genetic 
information like toxinogenic nature can be investigated. Kits made by mixing all the 
PCR reagents except DNA in definite proportions gave satisfactory results at 
laboratory level and efforts are being made to package the technology for industrial 
use. In addition to food and food products such kits may be of immense use in clinical 
diagnosis and environmental monitoring. 
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Summary 
In the present study, we have evaluated the microbiological quality of walnut kernels and pasteurized apple juice 
concentrate and the application of PCR for quality control of these important horticultural products. PCR assays 
for the detection of Bacillus cereus. Salmonella, Escherichia coli and E. coli 0157:H7 were standardized using 
minimum time for each step of the reaction. The protocols were effective for their detection in these products after 
pre-enrichment for 6-12 h. 2, 68 and 30% of the samples of walnut kernels were respectively found satisfactory, 
acceptable and unsatisfactory on the basis of their viable count. Only 15% of the samples of pasteurized apple juice 
concentrate were found to possess the desired viable count of less than 100 c.f.u./ml. The predominant 
contaminants of walnut kernels were found to be the species of Bacillus, Klebsiella, Enterobacter and 
Staphylococcus. Samples of apple juice concentrate were predominantly found contaminated with species of 
Bacillus, Staphylococcus and Micrococcus. However, B. cereus. Salmonella and E. coli were also isolated from some 
of the samples of walnut kernels. Bacillus cereus was also obtained from some of the samples of pasteurized apple 
juice concentrate in high numbers. Among the moulds Penicillium, Aspergillus, Cladosporium, Rhizopus and Mucor 
were isolated from these products. 
Introduction The technique of polymerase chain reaction (PCR) 
permits the rapid amplification of specific DNA se-
The Valley of Kashmir is the principle walnut-producing quences by a factor of up to lO' (Border et al. 1990). The 
region in India accounting for 90% of India's walnut speed, specificity and sensitivity of PCR, along with the 
production, which was placed at around 75,000 metric ease with which it can be carried out and its versatility 
tonnes in the year 1999. Apple is the major fruit crop make it ideally suited for rapid and reliable detection of 
accounting for 90% of total fruit production in the pathogens in food. PCR methods have been described 
valley. Walnut kernels and apples (both as fruit and as that can be used to detect pathogens in clinical and food 
juice concentrate) are exported out of the state to samples (Whelen & Persing 1996; Lampel et al. 2000). 
various markets in India and abroad. But the presence The present paper is, therefore, a depiction of the 
of a high microbial load detected in these products introduction of PCR-based contemporary identification 
frequently renders them unfit for human consumption of pathogens present in walnut kernels and apple juice 
and therefore unacceptable to the quality conscious concentrate as a supplement to conventional microbio-
markets. In order to assess the size of the problem, a logical and biochemical analyses, 
study was undertaken to test randomly collected repre-
sentative samples for total microbial load and individual 
pathogens through conventional culturing techniques Materials and methods 
and PCR technology using the relevant primers. 
Foodborne illness of microbial origin is the most Collection of food samples 
serious food safety problem all over the world, including 
the developed countries. 79% of outbreaks of food A total of 50 samples of walnut kernels in triplicates 
borne illness between 1987 and 1992 in the USA alone were collected in sterilized polythene bags from five 
were of bacterial origin; improper holding temperature post-harvest processing units and ten source villages of 
and poor personal hygiene of food handlers contributed Jammu and Kashmir. Thirty samples of pasteurized 
most to disease incidence (USFDA 1999). apple juice concentrate rocpived in their original 
846 S. Rivaz-UI-Hcissan et al. 
packs of 1 kg or in sterilized glass bottles in triplicates 
from different processing plants of the state. All the 
samples of apple juice concentrate were pasteurized, 
clear, fresh, without any preservatives and having a pH 
and sugar concentration of 3.4-3.6 and 72 Brix, respec-
tively. The samples were carefully transported to the 
laboratory in an icebox at 4 °C. The time between 
sample collection and initial processing did not exceed 
12 h. 
Isolation and enum^eration of microorganisms 
The samples were homogenized and emulsified by 
suspending 10 ml or 10 g of the sample in 90 ml of 
sterilized normal saline solution (NSS). Serial dilutions 
of the sample were made and appropriate dilutions were 
plated on Nutrient agar and Luria Bertani agar for 
viable count. The media used for mould count were 
Rose Bengal agar and Czapek Dox agar. The viable 
count and mould count were recorded as colony-
forming units per gram or per ml of the sample (Roberts 
et al. 1995). 
For the isolation of foodbome pathogens, aliquots of 
samples or their appropriate dilutions were plated on 
Mac Conkey's agar. Staphylococcus agar and Bacillus 
cereus agar. The plates were incubated at 37 °C for 24-
48 h. The visible colonies were scored, picked up, 
purified and identified on the basis of morphological, 
cultural and biochemical characteristics (APHA 1992). 
For the isolation of E. coli and other coliforms, 10 ml 
aliquots of the sample or its appropriate dilutions were 
added to double strength Mac Conkey's broth and 
incubated at 37 °C for 48 h. 0.1 ml of the broth from all 
such tubes producing acid and gas were added to EC 
broth and incubated at 44.5 ± 0.2 °C for 24 h in a 
water bath shaker. Selenite F broth was used for 
enrichment of Salmonella. All the bacterial isolates were 
finally identified by morphological, cultural and bio-
chemical characteristics (APHA 1992; Cappiccino & 
Sherman 1996). 
All the media and reagents used were from HiMedia, 
India. 
Template preparation for PCR 
The cell pellet from 1 ml of the enriched broth or a 
single colony on the agar medium was suspended in 50-
100 fj\ of Millipore-sterilized water and incubated in a 
dry bath at 98-100 °C for 5 min. The mixture was 
immediately transferred to an ice bath and left for 
3 min. The resultant cell lysate was centrifuged at 
5000 X g for 3 min and 2 /d of the supernatant was 
directly used in a 20 n\ PCR reaction. 
Wherever felt necessary, the assay was performed by 
using total genomic DNA. For isolation of genomic 
DNA, the cultures were grown for 2-5 h and DNA 
isolated by GES method (Pitcher et al. 1989). 1-10 ng of 
DNA was used in a reaction volume of 20 ^1. 
Bacterial cultures 
Cultures of Salmonella spp. serotypes: S. typhi. S. 
typhimurium, S. paratyphi A, a n d S. paratyphi B, and 
Shigella were obtained from All India Institute of 
Medical Sciences, New Delhi, Bacillus cereus from 
Center for Food and Toxicology Research Institute, 
Mysore and E. coli from National Dairy Research 
Institute, Kamal. Control DNA of £. ro//0157:H7 was 
also obtained from the latter. 
Oligonucleotide primers 
Bacillus cereus: Based on Haemolysin gene (BceT) 
Forward: TTA CAT TAC CAG GAC GTG CTT 
Reverse: TGA TTG TGA TTG TAA TTC AAG 
Based on phospholipase C gene (PL-J) 
Forward: GAG TTA GAG AAC GGT ATT TAT GCT 
GC 
Reverse: CTA CTG CCG CTC CAT GAA TCC 
E. coli: Based on uidR gene 
Forward: TGT TAC GTC CTG TAG AAA GCC C 
Reverse: AAA ACT GCC TGG CAC AGC AAT T 
E. coli 0157:H7: Based on fliCh? gene 
Forward: GCG CTG TCG AGT TCT ATC GAG C 
Reverse: CAA CGG TGA CTT TAT CGC CAT TCC. 
All these primers were synthesized by Bio Basic Inc., 
Canada. The primers for detection of Salmonella were 
obtained from All India Institute of Medical Sciences, 
New Delhi. The primers were reconstituted in Millipore 
sterile water before use. 
DNA amplification by PCR 
PCR was performed on DNA extracts or crude cell 
lysates as described by Saiki et al. (1988). Reaction assay 
mixture of 20 fA contained 2 fi\ lOx PCR buffer, 1 n\ 
2 mM dNTP mix, 2 15 mM MgCb, 5-10 pM of each 
primer, 1-10 ng of DNA and lU Taq DNA polymerase 
(all reagents except DNA from Bio Basic Inc., Canada). 
The PCR's were performed in Mastercycler gradient 
(Eppendorf make). 
The standardized PCR programme and reaction protocols 
F o r B. cereus and mult iplex P C R for Salmonella and B. 
cereus the PCR protocol used was initial denaturation at 
94 "C for 3 min followed by 30 cycles of 94 °C for 10 s, 
55 °C for 15 s and 72 °C for 1 min, and final extension 
at 72 °C for 5 min. Mult ip lex P C R fo r E. coli a n d E. coli 
0157:H7 was initial denaturation at 94 °C for 3 min 
followed by 30 cycles of 94 °C for 10 s, 63 °C for 10 s 
and 72 °C for 20 s, and final extension at 72 °C for 
5 min. 
The PCR products were run on 1% agarose gels and 
visualized on a u.v. illuminator. PCR protocols for the 
detection of B. cereus and Salmonella and a multiplex 
PCR for the detection of E. coli and E. coli 0157:H7 by 
nucleic acid amplification (NAA) were standardized 
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so as to complclc the PCR reaction in about 90 min for 
B. cereus, E. coli and E. coli 0157 :H7 and in about 2 h 
for Salmonella spp. The primers used for the detection 
of B. cereus were based on phospholipase C and 
haemolysin genes, giving rise to ampUcons of 413 and 
427 bp respectively. For the detection of E. coli and E. 
coli 0157: H7, primers based on iiid R coding for fi-
glucuronidase and flagellar antigen H7 genes respecti-
vely were used, giving PCR products of 152 and 625 bp. 
The primers used for the detection of Salmonella spp. 
yielded a specific PCR product of 1530 bp. A reaction 
assay with all PCR components without D N A was used 
as a negative control. A 1 kb D N A ladder (Fermentas) 
was used as a D N A size marker. 
Results and discussion 
On the basis of viable count, only a single sample out of 
50 walnut kernel samples (2%) was found to meet the 
standards given by the Healthy Nut Initiative (1998). 
According to the guidelines given by PHLS/ACFDP 
(2000) as is apparent in Table 1. 2% of samples fall in 
satisfactory category. 68% in acceptable category i.e. 
borderline limit of microbiological quality and 30% 
unsatisfactory category. However, none of the samples 
of walnut kernels was found to meet the maximum 
acceptable limit of 500 c.f.u./g mould as stipulated in 
Healthy Nut Initiative (1998). Only 15% of the samples 
of apple juice concentrate had viable count less than 100 
but more than 50 c.f.u./ml. 45% of the samples of apple 
juice concentrate had a total mould count of <50 c.f.u./ 
ml and for the remaining samples, the count ranged from 
10^ to lO"* c.f.u./ml (Table 1). Microbial counts: viable 
count as well as the mould count in pasteurized juice 
must necessarily be low in order to ensure keeping 
quality. However, spore-forming bacteria and moulds 
often survive pasteurization, especially if the products 
have not been handled properly. High bacterial and 
mould counts may be indicative of improper hygiene 
and may perhaps be a result of poor quality fruit being 
used. 
In order to identify the contaminating organisms, 
representative colonies of bacterial and mould isolates 
based on colony characteristics were purified and 
subjected to morphological, cultural and biochemical 
tests. Samples were also inoculated into specific enrich-
ment media for detection by PCR. PCR protocols were 
standardized to use minimum time for denaturation, 
annealing and extension. Such protocols allow a greater 
number of PCR cycles, thus detecting lesser quantities of 
DNA, besides being rapid. In the present study none of 
the specifically designed primers for any of these 
organisms was found to give any amplifications with 
non-specific DNA. The efficiency of these PCR proto-
cols is such that as little as 1 pg of D N A could be 
amplified and detected on agarose gel (Figure 1). 33% 
of bacterial isolates f rom walnut kernels were found to 
be Bacillus spp., 3 0 % Klebsiella spp., 2 0 % Enterobacter 
spp., 10% Staphylococcus spp. and 7 % E. coli. One of 
the samples of walnut kernels was also found positive 
for the presence of SaJmomJJa. T h e presence of B. 
cereus. Salmonella spp. and E. coli in the samples was 
confirmed by PCR (Figures 2-5). For the detection of 
these foodborne pathogens in walnut kernels and apple 
juice concentrate, culture enrichment was done by 
•-mtUlf" 
250 bp 
Figure 1. 1% agarose gel showing the lowest concentration of E. coli 
DNA that could be amplified effectively. Lane 1: 1 kb DNA ladder; 
Lane 2: positive control (DNA lysate); Lane 3: 1 fg DNA; Lane 4: 
10 fg DNA; Lane 5: 100 fg DNA; Lane 6:1 pg DNA; Lane 7; negative 
control. 
Table 1. Microbiological charactenslics of walnut kernels and apple juice concentrate. 
Walnut Apple juice concentrate Total mould count 
Viable count Percentage Viable count Percentage c f.u.jg or c.f.u/ml Percentage of Percentage of apple 
(c.f.u./g) of samples'* (c.f.u ml) of samples'* walnut samples juice concentrate 
samples 
<10' 2 <10- 15 <50 45 
10'-<10" 68 10--10' 30 10^-<10' _ 30 
>10® 30 10'-10" 25 10'-<10" 66 25 
IC-IO' 25 io-'-<io' 34 _ 
10"-<10'' 5 
" Total number of samples = 50. 
'' Total number of samples = 30 
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2 3 
500 bp 
500 bp 
Figure 3. 1% agarose gel showing the detection of Bacillus cereus by 
primers based on Hemolysin gene. Lane 1: 1 kb DNA ladder; Lane 2: 
positive control; Lane 3: amplicon of B. ivrni.s- isolated from walnut 
kernels; Lane 4: amplicon of B. cereus isolated from apple juice 
concentrate; Lane 5: negative control. 
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1.5 kb 
Figure 2. 1 % agarose gel showing the detection of Bacillus cereus by 
primers based on Phospholipase C gene after enrichment in BHI broth. 
Lane 1: 1 kb DNA ladder; Lane 2: positive control: Lane 3: walnut 
sample positive for B. cereus; Lane 4: apple juice concentrate sample 
positive for B. cereus; Lane 5: negative control. 
2 3 
Figure 4. 1 % agarose gel showing detection of Salmonella in samples 
of walnut kernels after enrichment in Selcnite F broth. Lane 1: 1 kb 
DNA ladder; Lanes 2 and 4: absence of Salmonella in the sample; Lane 
3: presence of Salmonella in the sample; Lane 5: negative control (no 
DNA added in the reaction). 
3 4 5 6 7 8 
500 bp 
250 bp 
Figure 5. 1 % agarose gel showing detection of E. coli in samples of 
walnut kernels after enrichment in EC broth. Lane 1: 1 kb D N A 
ladder; Lane 2: amplifications of E. coli 0157: H7; Lane 3: amplifi-
cation of DNA from sample positive for /:. coli; Lane 4-7: reactions 
showing negative results for the presence of F. coli and E. coli 0157: 
H7; Lane 8: negative control. 
adding the samples to Brain Heart Infusion broth 
(HiMedia, India) and Bacillus cereus agar for B. cereus 
(HiMedia, India); EC broth (HiMedia, India) for E. coli 
and selenite F broth (HiMedia, India) for Salmonella 
spp. and incubating the tubes for 6-12 h. Schmieg & 
Sofos (1997) used such an enrichment technique before 
submitting the samples to PGR assay for the detection 
of Shigella. In the similar enrichment assay performed in 
the present study, samples found positive as well as 
samples when spiked with any of these organisms 
extraneously gave positive results for the specific PCR 
reaction. Use of selective enrichment media overcomes 
the difficulties faced in direct PCR by increasing the 
amount of target DNA and diluting out non-specific 
DNA and other inhibitors of PCR, which are expected 
to be present in the sample. In a study by Thomas el al. 
(1991), 10 |ig of herring sperm DNA completely inhib-
ited amplification of target DNA. The primers based on 
the uid R gene generated the specific amplification with 
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Figure 6. 1 % agarose gel showing the multiplex PCR for the defection 
of Salmonella spp. and Bacillus cereus, simultaneously. Lane 1: 1 kb 
DNA ladder; Lane 2: amplicon of Bacillus cereus DNA; Lane 3: 
amplicons of both Salmonella and Bacillus cereus in a single reaction; 
Lane 4: negative control. 
pure cultures of Shigella spp. also, but none of the 
randomly selected samples was found positive for the 
presence of Shigella. Specific detection of E. coli and 
Shigella spp. makes the multiplex amplification more 
useful for the detection of pathogens in a single reaction. 
We have also succeeded in multiplexing the PCR assays 
for the simultaneous detection of B. cereus and Salmo-
nella spp. using specific primers for both in a single 
reaction (Figure 6). 
95 and 50% of the samples of walnut kernels were 
respectively found positive for Bacillus spp. and Klebsi-
ella spp. The most prevalent organisms isolated from 
apple juice concentrate were species of Bacillus (80%) 
and species of Micrococcus and Staphylococcus (20%). 
However, none of the samples of apple juice concentrate 
was found positive for coliforms by any of the plate 
count or defined substrate tests. On the basis of 
biochemical characteristics, Bacillus species were further 
characterized and tentatively identified as B. subtilis, B. 
megatherium and B. cereus. Three samples of walnut 
kernels and one sample of apple juice concentrate were 
found infected with B. cereus, the count of the organism 
being as high as 1 x 10"* c.f.u.,'ml in case of the latter. 
Fang et al. (1999) isolated B. cereus. Staphylococcus 
aureus and E. coli from various foodstuffs. B. cereus, an 
aerobic spore former is associated with food borne 
illnesses (Peng el al. 2001). B. subtilis has also been 
associated with food borne diseases but definitive evi-
dence is lacking to identify these organisms as food-
borne pathogens (ICMSF 1996). 
Members of genus Klebsiella are responsible for 
nosocomial infections. While such infections are usually 
caused by Klebsiella pneumoniae and Klebsiella oxytoca, 
rare episodes caused by environmental strains have also 
been reported in the literature (Westbrook et al. 2000). 
All Enterohacter spp. are found in natural environments 
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and some species are occasional and opportunistic 
pathogens {Bergefs Manual of Systematic Bacteriology 
1994). Some strains of Escherichia coli synthesize heat-
stable enterotoxins and are responsible for diarrhoeal 
disease in humans and domestic animals (reviewed by 
Betley et al. 1986). Ready-to-eat foods contaminated 
with Salmonella or other pathogens may not always 
cause illnesses, but there is good microbiological and 
epidemiological evidence that small numbers of patho-
gens in foods do cause illness (HCAC 1997). There is no 
justification for processed ready-to-eat food being con-
taminated with these organisms and their presence even 
in small numbers results in such foods being of unac-
ceptable quality/potentially hazardous (PHLS 2000). 
Among 100 colonies of moulds from both walnut 
kernels and apple juice concentrate, 40% each were 
found to be species of Penicillium and Aspergillus. The 
remaining colonies were species of Cladosporium, R/u'zo-
pus and Mucor in decreasing order of incidence. 
Aspergillus spp. and Penicillium spp. were isolated from 
about 75% of the walnut samples. 
Kernels of intact walnuts that were broken in our 
laboratory showed good microbiological quality having 
much lower viable counts and mould counts. Moreover, 
microbiological quality of walnut kernels processed in 
factories was better than those processed at the source 
villages (data not shown). This suggests that the product 
is mainly contaminated during processing, and the 
observation of better hygienic conditions in the pro-
cessing plants will improve its microbiological quality. 
Conclusion 
The NAA methods used in this study provide sensitive 
and rapid methods for the detection of foodborne 
pathogens in food samples. Although direct NAA did 
not yield satisfactory results, the pre-enrichment in a 
specific medium would overcome the competition for 
primers as well as inhibition due to matrix constituents. 
The PCR assays after pre-enrichment could efficiently 
detect the pathogens. The minimum DNA requirement 
to obtain a distinct amplicon was 1 pg. 
The unhygienic conditions and lack of proper sanita-
tion as observed by the authors at villages and process-
ing units of these food products are the primary causes 
of high bacterial and fungal load and also for the 
presence of indicator microorganisms and pathogens in 
these products. The maintenance of proper hygienic 
conditions and use of good quality ^ruit, and water that 
is microbiologically fit will certainly improve the micro-
biological quality of these products. 
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Abstract 
Salmonella enlerotoxin gene {stn) was sequenced from Salmonella enterica serotypes: Typhimurium, Typhi, Paratyphi A and B. 
The sequences from all the four serotypes showed complete homology with the already reported stn gene sequence of the serotype 
Typhimurium. As a too! for detection of this organism, four pairs of oligonucleotide primers were designed to amplify different fragments of 
this important pathological marker. The protocols were standardized with serotype Typhimurium in such a way so as to complete the PCR 
reaction in 7 5 - 9 0 min. These primers were found to generate specific amplicons with all the serotypes of Salmonella tested. The PCR 
protocols were found to be highly specific as no amplifications, specific or non-specific, were found when reactions were run using non-
Salmonella DNA as template. The employment of a nested PCR markedly increased the sensitivity of the assay system in natural water 
samples. The protocol described herein is highly sensitive as it detects less than 10 cells of Salmonella in 250 ftl of blood and approx. 1 cell in 
1 ml of water without any enrichment. For the validation of this protocol, 72 coded samples of 11% skimmed milk .spiked with different 
pathogens were received from NICED, Kolkata and analyzed for the presence of Salmonella. Our procedures detected correctly the presence 
of Salmonella in nine samples. 50 samples of raw milk were subjected to this PCR after enrichment for 8 h and 6 samples were found positive 
for Salmonella. The study indicates that Salmonella enterotoxin {stn) gene is highly conserved and the protocol devised in this study can be 
used as rapid and reliable method for detection of Salmonella spp. in water, milk and blood samples. 
© 2004 Elsevier Ltd. All rights reserved. 
Keywords: Salmonella-, PCR: Water; Blood; Nested PCR; stn; Skimmed milk 
1. Introduction 
Salmonella spp. are facultative, intracellular parasites 
that invade the mucous membrane, and are transmitted to 
humans mainly through water, meat, eggs and poultry 
products [1,2]. Salmonella infection is the most frequent 
food-borne gastrointestinal disease transmitted from 
animals to humans [3]. Typhoid fever still remains endemic 
in many developing countries [4], Non-typhoidal salmo-
nellosis also is a major food-home disease worldwide and is 
estimated to be responsible for the death of more than 500 
people each year, with costs of $1.1-$1.5 billion annually 
in the United States alone [5,6]. 
To Prevent Salmonella infection, good monitoring and 
screening programs are required [7-9J. Detection of 
Salmonella by bacteriological methods is time consuming 
* Corresponding author. Tel.: -1-91-I91-2571I63; fax: +91-191-
2573765/2543829/2546383. 
E-mail addresses: vverma@>rr!jammu.org (V. Vemia). nviq@yahoo. 
com (G.N. Qazi). 
and usually requires 5 -11 days [7,8,10]. Further, increased 
public awareness related to health and economic impact of 
food-borne contamination and illness has resulted in greater 
efforts to develop more .sensitive methods of pathogenic 
detection and identification. Therefore, efforts have 
been made by many workers to reduce time required and 
to increase the sensitivity of the methods to detect 
Salmonella [9-11]. 
Advances in molecular biology technology, particularly 
the polymerase chain reaction (PCR), have allowed for more 
reliable microbial identification and surveillance. PCR has 
also become a valuable tool for investigating food-borne 
outbreaks and identifying the responsible etiological agents. 
PCR techniques have provided increased .sensitivity, allowed 
for more rapid processing times and enhanced the likelihood 
of detecting bacterial pathogens. In addition to analysis of 
foods, PCR has also been successfully applied to the 
detection and identification of pathogenic organisms in 
clinical and environmental samples [12,13]. 
In this study, primers based on stn were used to develop a 
specific PCR assay for the detection of Salmonella 
0890-8508/$ - ,see front matter © 2004 Elsevier Ltd. All right.s reserved, 
doi: 10.1016/j.mcp.20()4.05.003 
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and methods were developed for its rapid detection in blood, 
milk and water. 
2. Materials and methods 
2.1. Bacterial strains 
A total of 15 strains of Salmonella comprising of 
10 serotypes, as listed in Table 1, were used in this study. 
45 bacterial strains were used as negative control for 
standardization of the protocols (Table 2). The cultures were 
grown on Tryptone Soya Agar (TSA) (Himedia, India) at 
37 °C and also maintained in glycerol (15%) normal saline 
(0.85% NaCl [w/v]) at - 70 °C. 
2.2. DNA isolation for PCR 
Templates were prepared from pure cultures of 
Salmonella and non-Salmonella species by thermal 
extraction. Cell pellet from 1 ml of the liquid culture or a 
single colony on the agar medium was suspended in 50 to 
100 jjlI of Millipore-sterilized (MQ) water and incubated in 
a dry bath at 100 "C for 10 min. The mixture was 
immediately transferred to an ice bath and left for 3 min. 
The resultant cell lysate was centrifuged at 10,000xg 
for 3 min and 2 jxl of the supernatant was directly used in a 
20 |xl PCR reaction. 
Wherever necessary, the assay was performed by using 
isolated chromosomal DNA. For the extraction of 
chromosomal DNA, the cultures were grown for 3 - 6 h in 
nutrient broth (HiMedia, India) and DNA isolated by GES 
method [14]. Briefly, the cells were pelleted from the broth 
and suspended in 50 |xl of 50 |xg/jxi lysozyme in TE (pH 
8.0) and incubated at 37 °C for 15 min. The pellet was 
dissolved in 450 (jul of GES buffer (5 M guanidine 
thyocyanate, 100 mM EDTA, 30% sarcosyl in MQ water), 
mixed thoroughly and followed by the addition of 
Table 1 
Table 2 
Bacterial cultures used for exclusivity PCR tests 
Bacterial cultures used for inclusivity PCR tests 
Serotypes of Salmonella No. of i,solates tested Source 
Typhi 2 AIIMS' 
Typhimurium 2 AIIMS 
Paratyphi A 2 AIIMS 
Paratyphi B 2 AIIMS 
Choleraesuis MTCC 660 1 MTCC" 
Bovisniorbilican MTCC 1162 I MTCC 
Brunei MTCC 1168 1 MTCC 
Infantis MTCC 1167 1 MTCC 
Virchow MTCC 1163 1 MTCC 
Enteritidis 1 NICED= 
Typhimurium 1 NICED 
Species No. of 
isolates 
Source 
Staphylococcus aureus ATCC 29313 1 ATCC 
Enterococcus faecalis ATCC2 1777 1 ATCC 
Emerococcus faecalis ATCC 29212 I ATCC 
Staphylococcus epidermldis ATCC 12228 1 ATCC 
Staphylococcus hemolylicus ATCC 29978 I ATCC 
Staphylococcus saprophyticus ATCC 15305 1 ATCC 
Klebsiella pneumoniae ATCC 75388 1 ATCC 
Escherichia coli ATCC 25922 1 ATCC 
Pseudomonas aeruginosa ATCC27853 1 ATCC 
Shigella flexneri ATCC 12022 1 ATCC 
Shigella dysenteriae t ^ AIIMS 
Shigella fle.xneti 2 AIIMS 
Staphylococcus aureus FR1722 1 NICED 
Staphylococcus aureus 4 RRL repository 
Escherichia coli 5 RRL repository 
Bacillus cereus 1 RRL repository 
Escherichia coli 0157: H7 1 NICED 
Bacillus cereus 1 NICED 
Listeria monocytogenes 1 NICED 
Citrohacter spp. 2 RRL repository 
Other non-Salmonella .species 15 RRL repository 
" All India Institute of Medical Sciences, New Delhi. India. 
'' Microbial Type Culture Collection. Institute of Microbial Technology, 
Chandigarh. India. 
National In.stitutc of Cholera and Enteric Di.sea.se.s, Kolkata, India. 
250 |i,l chilled 7.5 M ammonium acetate. After incubation 
on ice bath for 15 min, the samples were twice extracted 
with 500 |xl of chloroform. The DNA in the supernatant 
was precipitated with I ml isopropanol and pelleted at 
18,000 x ^ for 15 min. The pellet was washed with 70% 
ethanol, dried under vacuum and dissolved in 10-50 (xl 
sterile water. One to ten nanograms of DNA was normally 
used in a 20 |xl reaction assay. 
2.3. Template preparation from blood 
Genomic DNA isolation kit (M/S Bio Basic, Canada) 
was used for the isolation of DNA from 250 }xl aliquots of 
blood spiked with different numbers of organisms 
of Salmonella. This kit is generally used for extraction of 
DNA from blood cells and tissue. 
2.4. Template preparation from water 
Five different samples of water with viable counts 
ranging from IXiO^CFU/ml to 5 X 10^ CFU/ml and 
negative for Salmonella were used in this study. One 
millilitre aliquots of each sample were spiked with different 
number of cells of Salmonella ranging from 1-10® cells per 
ml. The cells were spinned down and the template was 
prepared by the methods as described above for pure 
cultures. Conversely, the pellet was dissolved in 10 jxl 
of Prepman solution (Applied Biosystems Inc., USA) and 
incubated at 100 °C for 10 min. The cell debris was .spinned 
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down at 10,000 X g for 3 min and 2 p.1 of the supernatant 
was used as template in a 20 jil PGR assay. 
2.5. Enrichment 
When DNA was not isolated directly from spiked 
samples of water and blood, the samples were inoculated 
into 3 ml of Selenite F broth (Himedia, India) and incubated 
at 37 °C for 6 h. For template preparation from seeded or 
unseeded milk samples, 1 ml of each sample was inoculated 
into 10 ml of Brain Heart Infusion Broth (Himedia, India) 
and incubated at 37 °C for 8 h. The cells were harvested 
from 1 ml of the culture broth and washed twice with MQ 
water. The cell lysates were prepared by thermal extraction 
in MQ water as described above. 
2.8. PCR primers 
Four pairs of PCR primers were designed on the basis of 
Salmonella serotype Typhimurium enterotoxin {sin) gene 
(Accession LI6014) and were custom synthesised from M/S 
Bio Basic Inc., Canada. Sequences of the primers, cycling 
conditions and molecular weights of the specific amplicons 
are given in Table 3. The primers were re-suspended in MQ 
water and stored al - 2 0 °C. 
In the nested PCR, 1 jjlI of the product, amplified with the 
primers QVR137 and QVR138 were used as template in the 
second round of PCR with QVR139 and QVR140 as 
primers. A two-step PCR of 1 h duration, with an initial 
denaturation at 94 °C for 3 min followed by 35 cycles of 
94 °C for 15 s and 70 "C for 30 s and final extension at 72 °C 
for 5 min was used as the second round PCR. 
2.6. Validation 
72 coded samples of 11% skimmed milk spiked with 
different pathogens were received from NICED, Kolkata 
and analyzed for the presence of Salmonella. The samples 
were spiked with Shigella flexneri. Salmonella 
typhimurium. Staphylococcus aureus, Escherichia coli 
0157: H7, Listeria monocytogenes. Bacillus cereus and a 
mould, Aspergillus flavus. Templates from the samples were 
prepared after enrichment as mentioned above. 
Further, primers were sent to NICED, Kolkata for cross-
validation of this detection system by analyzing the spiked 
milk samples. 
2.7. Isolation of Salmonella from milk 
One milliliter aliquots of raw milk samples were 
inoculated into 10 ml of Selenite F broth (Himedia, India) 
and incubated at 37 °C for 12 h. The enriched cultures were 
streak inoculated into Deoxycholate Citrate Agar (Himedia, 
India) and incubated at 37 °C for 12-24 h. The colonies 
producing black coloration were picked up, purified and 
identified by biochemical tests. 
2.9. Polymerase chain reaction 
Polymerase chain reactions were performed using 
extracted DNA or crude cell lysates as described by Saiki 
et al. [15]. The reaction assay of 20 |xl contained 1 X PCR 
buffer, 200 jxM dNTP mix, 1.5 mM MgCN, 10 pmoles of 
each primer, 1 -10 ng of DNA and 1 U of Taq DNA 
polymerase (all reagents except DNA from Bio Basic Inc., 
Canada). The PCR's were performed in Mastercycler 
gradient (Eppendorf, Germany). A PCR reaction with all 
reaction components without DNA was always run as a 
negative control in order to rule out any carry over 
contamination. Each reaction was run at least three times 
to check the reproducibility of the results. 
The PCR products were run on a 1% agarose gel, 
visualized under UV light and documented with the help of 
Liscap software (Pharmacia Biotech., USA). 
2.10. Sequencing of the PCR products 
The amplified products from different serotypes of 
Salmonella were purified by Microcon—100 columns 
(Millipore, USA) and 3 - 4 0 ng were used in a 20 
sequencing reaction using the Big dye terminator 
Table 3 
Details of the primers and PCR conditions 
Forward primer Reverse primer PCR program PCR 
product 
QVR133 5' GAAGCAGCGCCTGTAAAATC 3' 
(268)" 
QVR135 5' GCCACCAGCTTTTdTTACG 3' 
(510) 
QVR137 5' GGTCAAAATCCAGCGGTTTA 3' 
(10) 
QVR139 5' GCCGGCnrCAACGCCTCTAC 3' 
(46) 
QVR134 5' TGGCTGTGGTGCAAAATATC 3' 
(467) 
QVR136 5' ACGAACCAGCGAAACAAACT3' 
(716) 
QVR138 5' TTGCTGCTAACGGCGAGA 3' 
(1327) 
QVR140 5' GACCAAAGCTGACGGGACAG 3' 
(496) 
94 °C, 3 min. (94 °C, 5 s; 60 "C, 15 s; 200 bp 
72 T , 10 s) 35 cycles; 72 "C. 4 min. 
94 "C. 3 min. (94 °C, 5 s; 60 "C, 15 s; 207 bp 
72 °C, JO s) 35 cycles; 72 °C, 4 min. 
94"C, 3 min. (94"C, 10s; 6 0 ^ , 15 s; 1318bp 
72 °C. 1 min.) 35 cycles; 72 °C. 4 min. 
94 °C, 3 min. (94 °C. 5 s; 63 "C. 15 s; 450 bp 
72 °C. 11 s) 35 cycles; 72 °C, 4 min. 
' The number in the parenthesis denotes the start position of the primer on the .sm gene sequence of S. Typhimurium (GenBank Accession No. L16014). 
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sequencing kit (v. 2.0). In the cycle sequencing reaction, 
3.2 pmoles of the forward or the reverse primer was used. 25 
cycles of 96 °C for 10 s, 50 °C for 5 s and 60 °C for 4 min 
were performed and the extension products were purified by 
ethanol precipitation, dissolved in 15 |xl of TSR (template 
suppression reagent), incubated at 95 °C for 1 min. and 
loaded on ABI Prism 310 Genetic Analyzer (Perkin-Elmer) 
for sequencing. All the reagents for sequencing were from 
Applied Biosystems Inc., USA. The DNA sequences thus 
obtained were edited, if necessary, assembled and analysed 
by Autoassembler software (Applied Biosystems Inc., USA) 
3. Results 
Oligonucleotide primers, QVR137 and QVR138, 
designed to amplify a 1318 bp fragment from a 1333 bp 
sequence of stn gene [16] were found to result in specific 
amplification products with all the serotypes of Salmonella 
tested. The PGR products thus raised from selected 
serotypes viz. Typhi, Typhimurium, Paratyphi A and 
Paratyphi B were sequenced. The alignment studies 
depicted complete sequence homology among all the four 
serotypes. In order to further confirm the suitability of this 
gene as a detection marker for Salmonella, three more pairs 
of oligonucleotide primers were designed to amplify three 
other DNA fragments within the stn gene sequence 
(Table 3). The protocols were standardised using minimum 
cycling times so that the assays were completed in 
75-90 min. All the four pairs of primers generated specific 
PGR products (Fig. 1) with all the serotypes of Salmonella 
tested. However, no amplification was observed from any of 
the non-Salmonella species investigated under conditions 
1 2 3 4 5 6 7 
Fig. 1.1% agarose gel showing all the four PGR products used for the 
detection of Salmonella. Lane 1: I kb DNA ladder (Femientas. Germany). 
Lane 2: PCR amplification with primers QVR133 and QVR134 (200 bp). 
Lane 3: PCR amplification with primers QVR135 and OVR136 (207 bp). 
: 4: PCR amplification with primers QVR137 and QVR138 (1318 bp). 
: 5: PCR amplification with primers QVR139 and QVR140 (450 bp). 
1318 bp 
Lane 6: Negative control with primers QVR139 and QVR140. 
Fig. 2. 1% agarose gel showing the results of exclusivity tests, where 
templates from non-target bacteria were used as the template for PCR with 
primers QVR137-QVRI38. Lane 1: 1 kb DNA ladder (Fermentas, 
Germany). Lane 2: Positive control. Lane 3: E. coll 0157: H7. Lane 4: 
Shigella dysenteriae. Lane 5: Klebsiella pneumoniae. Lane 6: Citrobacter 
spp. Lane 7: Staphylococcus aureus. 
where serotypes of Salmonella generated the specific PCR 
products (Fig. 2). In order to confirm that the intended target 
was amplified, the 450 bp PGR products obtained with the 
primer pair QVR139 and QVR140 from two isolates each of 
the serotypes: Typhi, Typhimurium, Paratyphi A and 
Paratyphi B were sequenced. All sequences thus obtained 
showed complete homology with the intended sequence of 
stn. The sensitivity of this assay was found to be 1 cell per 
reaction mixture. This PCR assay system was used for the 
detection of Salmonella in artificially contaminated samples 
of water and blood. In case of water, the sensitivity of this 
PGR assay varied with the template preparation protocols 
and source of the sample. In sterile distilled water, 
the thermal extraction method and extraction by GES 
gave variable results; the sensitivity ranged from 1 to 1000 
organisms per ml. Best results were obtained by the 
Prepman method where the sensitivity was high enough to 
detect 1 cell per ml of water. However, when samples were 
taken from natural sources and spiked with different number 
of cells of Salmonella, the detection limit was as high as 
1000 cells per ml. To overcome this problem, a two-step 
nested PGR was applied where the first round of PGR was 
run with the primers QVR137 and QVR138 and a two-step 
PGR was run as the second round of PCR with the primers 
QVR139 and QVR140. The nested PGR increased the 
sensitivity of the assay tremendously, being able to detect a 
single cell per ml of natural water samples with total viable 
counts of background microflora ranging from 
1 X 10^ CFU/ml to 5X 10^ GFU/ml (Fig. 3). In case of 
blood, 10 cells were detected effectively while a weak 
amplification was obtained in case of the samples seeded 
with 1 cell of Salmonella (Fig. 4). Our results suggest that 
DNA from human blood cells and the background microbial 
load in water did not interfere with the PCR as no 
non-specific bands were generated in the spiked samples. 
Furthermore, samples of water and blood spiked with 
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1 2 3 4 5 6 7 1 2 A2 B2 C2 A3 B3 C3 A4 B4 
1 kb 
750 bp! 
500 bp 
250 bp 
450 bp 
Fig. 3. }% agarose gel showing the detection of different number of cells of 
Salmonella in water (1 ml aliquots) by nested PCR. The first round of PCR 
was run with primers QVR137 and QVR138 (amplicon 1318 bp) and the 
second round of PCR with nested primers QVR139 and QVR140 (amplicon 
450 bp). No effect was found in the band intensity of the final amplified 
product with change in cell concentration after the second round of PCR. 
Lane I; 1 kb DNA ladder (Fermentas, Germany). Lane 2: Sample spiked 
with 10* cells. Lane 3: Sample spiked with lO' cells. Lane 4: Sample spiked 
with 10^ cells. Lane 5; Sample spiked with 10 cells. Lane 6: Sample 
spiked with 1 cell. Lane 7: Negative control. 
a single ccU of Salmonella were effectively detected as 
positives when cell lysates were prepared after pre-
enrichment for 6 h. 
For the validation of our protocols, 72 coded samples of 
11% skimmed milk spiked with different pathogens were 
received from National Institute of Cholera and Enteric 
Diseases (NICED), Kolkata and analyzed for the presence 
1 2 5 6 7 
1318 bp 
Fig. 5. 1% agarose gel showing the detection of Salmonella in spiked milk 
samples received from NICED, Kolkata. Lane 1: 100 bp DNA ladder plus 
(Fermentas, Germany). Lane 2: Positive control. Samples A3, B3 and C3 
were found positive for the presence of Salmonella. 
of Salmonella. Further, the primers QVR 137 and QVR 138 
were supplied to NICED and the methods were cross-
validated by their center. Nine of the samples were correctly 
found positive for Salmonella, while none of the other 
samples was found to generate any amplified products, 
when subjected to the PCR (Fig. 5). Data from NICED 
confirmed the same results. 
When this PCR was applied to 50 samples of raw milk, 6 
samples were found contaminated with Salmonella (Fig. 6). 
The results were confirmed by isolation of Salmonella 
strains from these samples and identification by biochemical 
tests. 
4. Discussion 
The primaiy advantages of PCR are speed, sensitivity 
and specificity. Outbreak investigations and volunteer 
studies have shown that certain Salmonella strains can 
cause disease at very low infective dose [17]. Therefore, it 
1.5 kb 
Ikb 
1318 bp 
V' 
m x 
Fig. 4. \% agarose gel showing the detection of different number of 
Salmonella cells from blood with primers QVR 137 and QVR 138 (1318 bp). 
Lane 1: 1 kb DNA ladder (Fermentas, Germany). Lane 2: Positive control. 
Lane 3: Blood sample spiked with approx. 1 cell and given pre-enrichmem 
for 6 h. Lane 4: Negative control (un.seeded blood sample). Lane 5: Blood 
sample spiked with less than 10 cells (approx. 1 cell) and PCR run without 
pre-enrichnient. Lane 6; Blood sample spiked with 10 cells and PCR run 
without pre-enrichment. Lane 7: Blood sample spiked with lO' cells and 
PCR run without pre-enrichment. 
1450 bp 
Fig. 6. 1 % agarose gel showing the detection of Salmonella in naturally 
contaminated raw milk samples with primers QVRI39-QVR140. Lane 1: 
1 kb DNA ladder (Fermentas, Germany). Lanes 5 and 6: Presence of 
Salmonella in the samples. Lanes 2,3,4,7,8 and 9: Absence of the pathogen 
in the samples. 
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has become increasingly important to develop rapid 
methods for the detection of Salmonella in food, 
environmental and clinical samples. PGR tests have been 
successfully applied to detect a number of foodbome 
bacterial pathogens, including Salmonella, from a range of 
foodstuffs 118-21]. However, little data is available for its 
detection in clinical samples. 
Enterotoxigenicity has been recognized as one of the 
distinct pathological attributes of diarrhoea inducing 
bacteria [22], Stn gene is widely distributed in Salmonella 
spp. [23-25]. It is located at approximately 89 min on the 
Salmonella Typhimurium chromosome and the presence of 
an intact stn gene contributes significantly to the overall 
virulence of Salmonella (26]. 
The alignment studies of the sequences of stn gene 
obtained from four serotypes of Salmonella and 
amplification of specific products with these primers in all 
the serotypes tested suggest that this sequence is conserved 
in Salmonella. This makes the gene a suitable marker not 
only for detection but virulence of the organism. Our study 
is supported by the findings of Makino et al. [25]. They 
amplified a fragment of 260 bp of stn successfully from 542 
Salmonella isolates with 52 .serotypes. The detection limit of 
their method was one cell per gram of faecal and minced 
meat samples after an enrichment step of 16 h. The PGR 
programs were run with short cycling times in order to 
complete the assays in minimum time periods. The PGR 
programs used in this study are thus faster than those found 
in the literature. Varying .sensitivity of the PGR reactions 
with different template preparation methods may be due to 
incomplete cell lysis or loss of template in between various 
processing steps. Prepman method was found to be the 
method of choice as it was found to increase the sensitivity 
of the protocol besides being rapid. PGR assays reported in 
the literature for the detection of Salmonella had varying 
degrees of success. Lampel et al. [19,27] were able to detect 
120 cells of serotype Enteritidis and 30-50 cells of serotype 
Typhimurium in pure culture without enrichment. Song et al. 
[28] could detect 10 cells of serotype Typhi by employing a 
nested PGR. Thus, the protocol described in the present 
paper is more sensitive than the ones developed earlier. 
This could be mainly attributed to the template preparation 
method and the fact that due to small cycling times selected 
in the reactions, the activity of the Taq DNA polymerase is 
retained for more number of cycles. 
The results of our investigation suggest that these 
protocols are highly specific for Salmonella and the primers 
do not show any tendency to amplify non-specific DNA. 
Salmonella serotypes: Typhi, Paratyphi A and B, 
and occasionally Typhimurium cause typhoid fever [29] 
and may potentially result in an overwhelming and fatal 
bacteremia [30]. From the clinical point of view, it is vital to 
develop improved techniques for diagnosis of bacteremia, 
because the early detection of bacteremia is of substantial 
prognostic and therapeutic importance [31]. The protocol 
described herein facilitates the detection of less than 10 cells 
in 250 |Ji,l of human blood without any pre-enrichment. With 
enrichment for 6 h in Selenite F broth, 1 cell per ml of blood 
was also detectable. The inability of the PGR in detecting 
less than 1000 cells per ml of natural water might be due to 
presence of PGR inhibitors in the samples. However, the 
employment of a second round of PGR (nested PGR) 
overcame the problem and increased the sensitivity of the 
assay substantially. The application of this two-step PGR, 
where both annealing and extension steps are carried out at 
the same temperature (70 °C), made the PGR reaction more 
sensitive. In water, a single cell per ml of the sample was 
detectable directly in spite of the presence of high 
background microflora. The intensity of the amplified 
products did not decrease with the decrease in the number 
of cells, when the second round of PGR (nested PGR) was 
applied. This indicates the potential of the nested PGR in 
increasing the sensitivity of a PGR assay. Water being a 
common source of Salmonella infection [32] may at times 
contain very low cell counts (GFU's) and therefore, may go 
undetected unless a very sensitive detection assay is 
available. Although Salmonella could not be detected in 
raw milk samples when DNA was isolated directly (data not 
shown), the employment of a non-selective enrichment step 
for 8 h prior to PGR was found useful. Enrichment can 
overcome the effects of PGR inhibitors in addition to 
increasing the sensitivity by increasing the number of target 
organisms and thus minimizes the chances of false-negative 
tests [25]. The protocol developed by us may, therefore, 
effectively be employed for detection of Salmonella 
contamination in water and milk, and bacteremia in 
suspected patients. 
The methods were cross-validated by NIGED, 
Kolkata. The percentage of success of this protocol was 
found to be 100%. The data generated were presented by 
both the centers at the Task Force Meeting of 
Department of Biotechnology, Government of India 
(Jan 20, 2004) and it was concluded that the procedures 
described in this paper are specific for the detection of 
Salmonella and may be useful for regular testing of food 
and clinical samples. 
The .specificity of our assays is further indicated by the 
fact that there was no PGR inhibition or generation of any 
amplification products due to DNA from blood cells. 
The full potential of diagnostic PGR was suggested to be 
limited, in part, by the presence of inhibitors in complex 
biological samples [29,33]. DNA based methods for the 
detection of Salmonella are considered to require crucial 
improvement to suit the sample types, the multiplicity of 
Salmonella subtypes and varying levels of specific and non-
specific contamination [18]. Therefore, the present study is a 
step forward in overcoming some of the shortfalls of the 
PGR technique for the detection of Salmonella. 
The protocols described in this paper could be used for 
detection of Salmonella in enriched samples of food and 
clinical samples. However, it is imperative to develop 
S. Rivaz-UI-Hcisswi et ul /Molecular and Celhilar Probes IS (2004) 333-339 339 
proper procedures for template preparation to directly apply 
this detection system to other food and clinical samples. 
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Purification and characterization of a novel enantioselective 
h y d r o l a s e f r o m Bacillus subtilis 
Qurrat A. Maqbool, Sarojini Johri, Lata Verma, S. Riyaz-ul-Hassan, Vijeshwar Verma', 
Surrinder Koul, Subhash C. Taneja, Rajinder Parshad and Ghulam N. Qazi 
Biotechnology Division, Regional Research Laboratory, Canal Road,Jammu Tawi-180001, India 
Screening of the micro-organisms from an in-house 
microbial culture repository, identified a bacterial 
strain bearing membrane-bound. Inducible ester hy-
drolase activity. The strain designated as RRL-BBI has 
been Identified as Bacillus subtilis by 16 S rRNA typing. 
Its application In the kinetic resolution of several 
racemates. Including drug intermediates, showed mod-
erate to high enantioselectivity. The enzyme, desig-
nated as BBL, exhibited high enantioselectivity (ee 
«99%) with acyl derivatives of unsubstituted and 
substituted I >(phenyl)ethanols and I .(6-methoxy-2-
naphthy{)ethanol$. With acyl derivatives of 2-{6-
methoxy-2-naphthyl)propan-1 -ol, moderate enantio-
selectivity was observed. The enzyme also showed 
moderate enantioselectivity with alkyl esters of car-
boxyiic acids i.e. 2-bromopropanoic acid and 2-hydroxy-
4-phenylbutanoic acid. The enzyme was purified to 
> 90% purity from cell-free extract of RRL-BB I with 
26% overall yield. The purified enzyme exhibited hydro-
lase activity without any noticeable decrease in the rate 
of hydrolysis or the enantioselectivity profile. A specific 
activity of 450 units/mg protein resulted after at least a 
200-fold purification of the crude cell-free extract T h e 
key purification step was the irreversible adsorption 
of the salt-precipitated crude enzyme on hydrophobic 
resin, in the presence of a low salt concentration, and 
desorption of the enzyme with a linear gradient of I % 
sodium cholate. The purified e n z y m e was a 45 kD 
monomer as shown by SDS/PAGE. The N-terminal 
amino acid sequence of the purified enzyme was deter-
mined as Thr-Lys-Leu-Thr-Val-Gln-Thr-Arg-Asp-Gly-
Ala-Leu-Arg-Gly-Thr. The N-terminal sequence did not 
bear any homology with other known bacterial lipases. 
BBL is maximally active at 37 °C, pH 8.0 and fairiy 
stable up to 40 °C, pH 6-10. The enzyme is insensitive 
to EDTA but inhibited by serine protease inhibitor 
PMSF. Its activity (72%) was retained in the presence 
of the anionic detergent SDS at a concentration of 
0.2% (w/v). 
Introduction 
Lipases have become very important stereoseleaive biocata-
lysts used in organic chemistry. They catalyse both the 
hydrolysis and synthesis of long-chain acyl glycerols with high 
regioselectivity and enantioselectivity [1,2]. The two types of 
enantioselective organic transformations catalysed by lipases 
are reactions of prochiral substrates and the kinetic res-
olution of racemates. Originally racemic acylates or car-
boxylic acid esters served as the main classes of substrates. 
However during the last IS years, the scope has been 
extended to include esters of ketoacids, halohydrins, diofs, 
hydroxy esters, amines, diamines, amino alcohols and 
cyanohydrins [3-8]. 
The potential use of microbial lipases In biotechnology 
has stimulated work on the screening of the micro-organisms 
for the presence of novel enzymes, their isolation, purifica-
tion, characterization and cloning. Recently, during the 
screening programme of micro-organisms available in the 
culture repository of this institute for ester hydrolases, 
an enantioselective ester hydrolase (ABL) from a strain 
of Arthrobacter species and ester hydrolase from a strain of 
Trichosporon species capable of resolving several racemates 
of drug intermediates and drug molecules like Naproxen, a 
non-steroidal anti-inflammatory drug, have been reported 
[9-12]. In continuation of the above screening programme a 
strain of Bacillus subtilis (RRL-BB I), showing enantioselective 
hydrolysis of chirai molecules, has been isolated. 
A detailed study of the broad substrate-specificity and 
enantioselectivity exhibited by the enzyme designated as 
BBL (crude and the purified form), including enzyme 
induction, purification and characterization is reported in 
this communication. 
Key words: bacteria, chirai molecules, inducible, kinetic resolution, phenyl-
Sepharose. 
Abbreviations used: BBL, membrane-bound inducible ester hydrolase from 
Bacillus subtilis; ee%, enantiomeric excess. 
' To whom conrespondence should be addressed (e-mail 
v_verTna2k@rediffmail.com or nviq@yahoo.com). 
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Materials and methods 
Prepacked phenyl-Sepharose CL-6B, Q-Sepharose 4L-6B 
and Sephacryl 200 columns were purchased from Amersham 
Pharmacia Biotech. Tris base, acrylamide, SDS, Bromo-
phenol Blue, protein markers for native and SDS/PAGE, 
dithiothreitol and 2-mercaptoethanol were obtained from 
Sigma Chemical Co. (St. Louis, MO, U.S.A.), Triton X-lOO, 
PMSF, p-nitrophenyl acetate, triacetin, tributyrin, tristearin, 
olive oil, gum arabic and Fast Blue RR from Hi media 
Laboratories (Bombay, India) and Pharmacia (Piscataway, NJ, 
U.S.A.). Akta Explorer automatic control chromatographic 
systems and Unicorn 2.1 software were purchased from 
Pharmacia Biotech (Uppsala, Sweden). All other chemicals 
(of analytical grade) were obtained from Glaxo (Qualigens 
Fine Chemicals, Mumbai, India) and E. Merck (Mumbai, 
India). Solvents and reagents were distilled and dried before 
use. HPLC grade solvents from E. Merck/Glaxo were used 
for chiral resolution studies. Silica gel (60-120 mesh) from 
Glaxo was used for chromatography. Aluminium sheets of 
silica gel (E. Merck, 0.2 mm thickness) were used for 
TLC. Optical rotations were measured on a PerkinElmer-
241 polarimeter. The synthesised substrates were charac-
terised by spectroscopic methods. 
Preparation of cell-free extract 
Bacillus subtilis (RRL-BBI) was grown in Luria-Bertani me-
dium consisting of I % tryptone, I % yeast extract and 0.5% 
NaCI, at pH 7.2 and 37 °C. The culture medium was 
inoculated with I % of an overnight preculture prepared in 
the same medium. The culture was grown at 37 °C for 16 h. 
The cells were harvested by centrifugation at 8000 g for 
10 min at 4 °C. The cell pellet was washed with 50 mM 
Tris/HCI buffer pH 7.0 and disrupted in the same buffer 
containing I mM dithiothreitol, 2 mM EDTA and 100 mM 
ammonium sulphate by ultrasonication in an MSE 20 kHz 
ultrasonifier at 4 "C for S min. The cell-free extract was 
obtained by centrifugation of the cell homogenate at 20 000 g 
for 20 min at 4 °C. 
Enzyme assays 
The method described by Lawrence et al. [13] was followed 
for a spot agar-diffusion assay of the enzyme during 
fractionation. Routine lipase activity was monitored by 
titremetric assay using tributyrin as substrate [10]. The 
esterase activity was assayed spectrophotometrically using 
p-nitrophenylacetate as substrate as described by lhara et al. 
[ 14]. The method described by Gabriel [15] was followed for 
locating enzyme activity directly on polyacrylamide gels. 
Protein purification 
Protein concentration was determined spectrophotometri-
cally by the method of Bradford [16]. BSA was used as the 
protein standard. 
Enzyme was purified by ammonium sulphate precipi-
tation and FPLC according t o the protocols of Deutscher 
[17] and the manufacturer's guide. 
Native PAGE and SDS/PAGE were performed ac-
cording t o the method of Laemmli [18]. The blots of purified 
protein for the amino acid sequencing were made using 
Immobiolon-P transfer membrane (PVDF) using Bio-Rad 
Transfer blot unit N-terminal amino acid sequencing of the 
blotted protein was done by using automatic Edman 
degradation reaction as described by Allen [19]. 
Enantloselectivity assay 
Alkyl acyi esters of unsubtituted and substituted I -(phenyl) 
ethanol, 2-(6-methoxy-2-naphthyl)ethanol and 2-(6-meth-
oxy-2-naphthyl)propan-1 -ol were prepared from their 
corresponding alcohols and alkanoic acid anhydrides in the 
presence of catalytic amount of a base (4-dimethylamino-
pyridine). Pure substrates were obtained by column chroma-
tography over silca gel using n-hexane: ethyl acetate mixture 
in increasing proportions as the eluant. Alkyl esters of 2-
bromopropanoic acid were prepared by treating the cor-
responding acid chloride with n-alkanols in the presence of a 
base, followed by purification by column chromatography. 
Ethyl 3-hydroxy-4-phenylbutanoate was prepared by re-
duction of ethanolic solution of ethyl 4-phenyl-3-oxobu-
tanoate in the presence of Hj gas and palladium/charcoal 
(5%) at 345 kPa (50 Ibf/in^) and crude product purified by 
column chromatography over silica gel. Progress of the 
enzymatic reaction was monitored by withdrawal of an 
aliquot and its analysis on HPLC using a Whelk (S,S)-chiral 
column (LichroCART250-4,01, 5 //m), mobile phase n-
hexane/propan-2-ol/acetic acid (95:5:0.1, by vol.); flow 
rate 0.8 ml/min and using a diode array detector. Optical 
rotations of the resolved compounds were measured on a 
PerkinElmer-241 polarimeter. 
Enzymic hydrolysis of racemic acylates of primary and 
secondary alcohols 
Racemic acylate of primary/secondary alcohols (I mM) in 
sodium phosphate buffer (0.1 M, 5 ml) at specified pH and 
temperature was stirred in the presence of enzyme (whole 
ceils and purified) in a specified ratio and the pH was 
maintained by using a pH-stat and 0.5 M NaOH solution. The 
samples were analysed on chiral HPLC after the extraction 
of the aliquots (25 //I) with HPLC grade ethyl acetate 
(lOO/il), hexane (400/d) mixture, centrifugation at 6000 g 
and filtration of the organic layer through a 0.45 //m-pore-
size filter. 
O 2002 Portland Press Ltd 
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After the completion of the reaction, the contents 
were extracted with organic solvent, concentrated in vacuo, 
separated on an Sf02 column to obtain optically enriched 
alcohol and the acylate using light petroleum (b.p. SO-
SO °C)/ethyl acetate in Increasing proportion. 
Enzymic hydrolysis of racemic alky I esters of 
carboxyiic acid 
Racemic ester of 2-bromopropanolc acid (I mM) in sodium 
phosphate buffer (0.1 M) at specified pH and temperature 
were stirred in the presence of the enzyme preparation in a 
specified ratio and pH maintained by pH stat using 0.5 M 
NaOH solution. After the completion of the reaction, the 
contents were adjusted t o p H 8 and extracted with dichloro-
methane, the organic layer was concentrated after washing 
with water and dried over anhydrous sodium sulphate. The 
aqueous portion was acidified with dilute HCI and extracted 
with ethyl acetate, the organic layer was washed with water, 
dried over anhydrous sodium sulphate and desolventised. 
The final products were purified by column chromatography. 
Results 
Enantioselectivlty profile 
Hydrolysis of acylates Ester hydrolase from RRL-BBI, desig-
nated as BBL, showed its applicability In the kinetic resolution 
-
OH 
CH,0' 
Scheme 2 
CHjO-
QH 
CHfi" 
Scheme I 
of substrates of various chemical structures like alky! acylates 
of 1 -(phenyl) ethanols (Scheme I, compound I). The enzyme 
displayed higher enantioselectivlty (R-ester), with respect to 
propionates and butyrates, compared with acetates of I-
(phenyl)ethanol, l-(4-methoxyphenyl), I-(4-chlorophenyl) 
and l-(4-fluorophenyl) ethanols. However with dioxygen 
substitution in the aromatic nucleus [e.g. 1 -(3,4-methylenedi-
oxyphenyl)ethanol], BBL showed excellent enantioselec-
tivlty towards all three alkyi acylates i.e. acetate, propanoate 
and butanoate respectively (Scheme I, Table I). Enantio-
meric excess (ee%) of the resolved alcohol was determined 
by chiral HPLC after its separation and conversion to 
acetate. 
BBL(wet whole cells) on reaction with alkyI acylates of 
I -(6-methoxy-2-naphthyl)ethanol (Scheme 2, compound 4) 
as substrates, showed similar enantiopreference for (R)-
esters in all substrates with high enantioselectivlty for 
buty rates. With purified enzyme, kinetic resolution studies 
of compound 4(R = COCHjCHjCHj) , displayed the similar 
enantioselectivlty (ee « 99%) without any significant change 
in the rate of hydrolysis (Scheme 2, Table 2). Thus the results 
of purified enzyme were comparable to the results obtained 
with the wet whole cells. 
With primary alcohols the enzyme showed preference 
for S-enantiomer when acylates of racemic 2-methyl-2-(6-
Table I BBUcatalysed enantioselective hydrolysis of alkyI acylates of racemic I-(phenyl)ethanols 
In this and subsequent Tables, the number given in the 'Configuration' column heading refers to the compounds given in Schemes 1-5. 
Senal no. R R, Conversion" (56) Configuration of the p rodua 2 ee9b of 2" 
1 H C O C H - 21 R 42 
2 H C O C H j C H ; 35 R 99 
3 H COCHJCHJCH, 19 R 99 
4 4 - O C H j C O C H , 33 R 34 
5 4 - O C H , C O C H X H , 31 R 85 
6 4 - O C H 3 C O C H j C H j C H , 30 R 99 
7 4-CI C O C H j 23 R 99 
8 4-CI C O C H j C H j 28 R 99 
9 4-CI C O C H j C H j C H , 26 R 99 
10 4-F C O C H j 21 R 15 
11 4-F C O C H j C H j 23 R 99 
12 4-F C O C H j C H j C H , 22 R 99 
13 3,4-Methylenedioxy C O C H , 23 R 99 
14 3.4-Methylenedioxy C O C H j C H , 27 R 99 
15 3,4-Methylenedioxy C O C H j C H j C H , 33 R 99 
• Substrate: wet whole cells as enzyme (1:2), substrate conc. 40 g/l. temperature 20± I "C, reaction time 24 h. phosphate buffer (0.1 M), pH 7.0. isolated yields 70-75%. 
' ee% calculated from chiral HPLC and optical rotation values [9], 
' 2002 Portland Press Ltd 
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Table 2 BBL-catalysed enantioselective hydrolysis of alkyi acylates of 
racemic I -(6-methoxy-2-naphthyl)ethanol 
Configuration ee%' ' 
Serial no. R, Conversion" (%) of 5 of 5 
1 C O C H , 22 
2 C O C H j C H j 33 
3 C O C H j C H j C H , 28 
4 ' C O C H j C H j C H , 30 
24 
70 
99 
99 
• Substrate: wet whole cells as srayme (1:2). substrate concn. 20g/i, temperature 
25+ I °C, reaction time 66 h. phosphate buffer (0.1 M;. pH 7.0, .soiated >ieas 75-80%. 
ee% determned by companson with known optica: rotation value [20] 
Refict'on with punfied enTvme: subst-i^te fmg)- enTyme units (! "0 12) 
Table 4 BBL-catalysed enantioselective hydrolysis of alkyI esters of racemic 
2.bromopropanoic acid 
Serial no. R, Conversion' (%) 
Configuration 
of 11 
66%"= 
of I I 
1 CH3 22 
2 C H j C H , 33 
3 C H j C H j C H j C H , 34 
89 
5 
' Substrate: wet whole cells as enzyme (1:1.6), concn. 66gi'l, temperature 25±l °C. 
reaction time 1 h, phosphate buffer (0.1 M), pH 8.0. isolated yields 55-60%. 
• ee% detemined by optical rotation values [22], 
CH,0' 
,0R, 
CH,0-
+ 
CH,0 
O^R, 
a 
Scheme S 
•COOH l^^j-^-^^COOEl 
JS 
Scheme 3 
Table 3 BBL-ca«lysed enantioselective hydrolysis of alkyI acylates of 
racemic 2-methyl-2-(6.methoxynaphth-2-yl)ethanol 
Serial no. R, Conversion' (%) 
Configuration 
of 8 of 8 
1 C O C H 3 22 
2 C O C H j C H , 30 
3 C O C H , C H j C H , i9 
67 
29 
23 
• Substrate' wet whoie ce.ls as enzyme (I 1.2). cor>cr. 35 g/i. temperature 2S±I °C. 
reaction time 24 h, phosphate buffer (01 M), pH 70. isc'ated yield 75-80% 
ee% determined by chira- HPLC and optica: rotat.on values [21]. 
BBL 
C O O R 
V f 
-^COOH + -A. , C O O R 
19 
Scheme 4 
methoxy-napth-2-yl) ethanol (compound 7, Scheme 3) were 
used as substrates. BBL showed low enantiopreference for 
butyrate compared to acetate (Scheme 3, Table 3). The 
authentic sample of optically pure (R)-(+) of compound 8 
(Scheme 3) was prepared by lithium aluminium hydride 
reduction of optically pure methyl ester of (R)-(—)-a-
methyl-6-methoxy-2-naphthaleneacetic acid. 
Hydrolysis of carboxylic esters Besides hydrolysing acylates of 
primary and secondary alcohols, BBL is also capable of 
resolving alkyI esters of carboxylic acids. BBL demonstrated 
moderate selectivity for esters of 2-bcmopropanoic acid 
Table S BBL-catalysed enantioselective hydrolysis of racemic ethyl 2-
hydroxy-4-phenylbutanoate 
Serial no. Enzynne fo rm Conversion' % 
Configuration 
of 15 
e e % " 
of 15 
1 W e t whole cells 65 
2 Cell free extract 62 
3 Partially purified 65 
4 Purified 66 
82 
75 
78 
• Substrate (mg): enzyme units (1:0.12), concn 70 g/i, temperature 25+1 ° C reaction time 
28 h. phosphate buffer (0.1 M). pH 75. 
ee% detemined by optica" rotation values [23] 
(compound 10) with respect t o methyl ester (ee a; 89%), 
while very low selectivity for propyl and butyl esters (Scheme 
4. Table 4). 
Biocatalytic activity of BBL (wet whole cells) was also 
explored for the resolution of ethyl 2-hydroxy-4-phenylbu-
tanoate (compound i 3) which is an intermediate used in the 
synthesis of angiotensin-converting-enzyme inhibitors. The 
hydrolase showed enantiopreference for (S)-isomer afford-
ing the required (R)-ester (compound IS) of 82% optical 
purity. Using purified enzyme, there was no significant 
change in enantioselectivity (ee » 80%) and rate of hy-
drolysis. Similar results were also obtained when cell-free 
extract and partially purified enzyme were used for the 
kinetic resolution studies of compound 13 (Scheme 5, Table 
S). 
Purification of the enzyme 
A wet cell pellet of 5 - 6 g was obtained per litre of culture 
medium aftergrowth of a batch of the bacteria. The optimum 
cell mass and enzyme production were observed in 16-18 h 
of growth. Bacillus subtilis (RRL-BBl) showed the maximum 
O 2 0 0 2 Portland Press Ltd 
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Figure I Growth and enzyme activity of ester hydrolase from induced and uniduced RRL-BBI 
• control(without olive oil) 
• Olive oil at 4 h 
• Olive oil a t O h 
• Olive oil at 8 h 
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figure 2 Effect of 1% olive oil on enzyme production from RRL-BBI at different phases of growth 
16 24 
ester hydrolytic activity of 0.06 unit/mg of wet cell mass. 
Upon disruption of cells, specific activity of the enzyme was 
of the order of 2.1 units/mg of protein with tributyrin, and 
198 units/mg of protein with p-nitrophenylacetate used as 
substrate. About 3-fold enzyme induction was observed 
with olive oil along with a marginal increase in the cell mass 
(Figure I). Olive oil at I % (v/v) was the optimum con-
centration for enzyme induaion and the addition of olive oil 
at 4 h of growth gave maximum enzyme activity (Figure 2). 
Extracellular enzyme activity was not observed in cultures 
using tributyrin and p-nitrophenyiacetate as substrates. 
Furthermore, the supernatant obtained after centrifugation 
(100000 g fo r I h a t4 °C in a ultracentrifuge) of the cell-free 
extract retained > 98% of enzyme activity. BBL was purified 
to > 90% purity by ammonium sulphate precipitation 
followed by FPLC using phenyl-Sepharose CL-6B and Q-
Sepharose resins. Higher percentage saturation of ammo-
nium sulphate was required to precipitate the enzyme as 
' 2002 Portland Press Ltd 
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90% 75% 60% 
1 2 3 
90% 75% 60% CFE 
4 5 6 7 
V- • - • •• 
Figure 3 Native PAGE of different ammonium sulphate fractions of cell-free 
extract from RRL-BBI 
U n c s i - i e n ^ m e activily. lanes 4 - 7 . pro te in staining. 
shown in Figure 3. About 71% of enzyme was precipitated by 
ammonium sulphate at 70-90% saturation, showing over 3-
fold specific activity enrichment compared with cell-free 
extract (Table 6). The presence of multiple active bands on 
native PAGE indicated the aggregation behaviour of the 
enzyme (Figure 3). 
The reconstituted 70-90 % precipitate was subjected to 
FPLC using phenyl-Sepharose resin. The enzyme adsorbed 
almost irreversibly to the hydrophobic resin in the presence 
of 0.1 M ammonium sulphate. It was desorbed from the resin 
only by using a linear gradient of 1% sodium cholate, a 
cationic detergent (Figure 4). The eluted enzyme showed 
a specific activity of 203 units/mg protein which corresponds 
t o s; 96-fold purification and a recovery of 48%. Further 
purification by subjecting the enzyme fraction from the 
phenyl-Sepharose column to FPLC using Q-Sepharose, 
resulted in 213-fold purification with a yield of 26% and a 
specific activity of 450 units/mg protein (Table 6). 
Figure 4 Chromatogram of partially-purified BBI from Bacillus subtllis 
(RRL -BB I ) on FPLC with a phenyl-Sepharose column 
BBL 
S D S / P A G E ( 1 0 % gel) of BBL from different purification steps 
Lane I, cell-free extract; lane 2. fraction from salt precipitation; lane 3. fraction 
from H IC ; lane 4. fraction from Q-Sepharose; lane 5, molecular-mass markers. 
Characterization of the enzyme 
SDS/PAGE of the purified enzyme showed a single subunit 
with a molecular mass of 45 kDa (Figure 5). The N-terminal 
amino acid sequence determined by Edman degradation was 
Table 6 Purification of ester hydrolase from RRL-BBI 
Enzyme activity was estimated by trtremetnc assay using tnbutynn as substrate. 
Sample Total protein (mg) Total actiwty (units) Specific activity (units/mg of protein) Purification (fold) Yield (%) 
CFE 732 1545 2.11 1.0 100 
70-905S 145 1120 7.72 3.66 72.49 
Phenyl-Sepharose 3.70 752 203.24 95.84 48.67 
Q-Sppharose 0.90 405 450 213 26.21 
O 2002 Portland Press Ltd 
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Thr-Lys-Leu-Thr-Val-Gln-Thr-Arg-Asp-Gly-Ala-Leu-Arg-
Gly-Thr-. EMBL and Swiss-Prot databases of known ester 
hydrolases did not reveal any homology with the N-terminal 
amino acid sequence of BBL. Although 16S rRNA typing of 
the micro-organism, followed by comparison on BLAST and 
RDP databases, showed > 97% homology with Bacillus 
subtilis A.T.C.C. 21331 and other unidentified Bacillus species 
used as biocontrol agent, lipases from the mesophlllic bacilli 
have been reported to exhibit only 13-15% homology. 
Maximum activity of the purified enzyme BBL was 
obtained at 37 °C and pH 8.0. Thermal stability of the 
enzyme was checked by incubating the purified enzyme in 
50 mM Tris/HCI buffer at pH 7.0 at different temperature 
(0-60 °C) for 60 min. The enzyme W3S found t o be quite 
stable up to 40 °C. The pH stability was determined by 
Incubating purified enzyme at 25 °C at different pH values 
for 2 h. Buffers employed were 50 mM sodium citrate for 
pH 4-6. 50 mM Tris/HCI buffer for pH 7 -8 and glycine/ 
NaOH for pH 9-10. The enzyme was stable between 
pH 6-10. The influence of selected Inhibitors on the activity 
of partially purified enzyme was studied. Bivalent-metal-
chelating agent EDTA (2 mM) caused no significant inhibition 
of enzyme activity; however, the enzyme was completely 
inhibited by the serine active reagent PMSF (2 mM) within 
40 min of incubation. The enzyme was fairly stable with the 
anionic detergent SDS (0.2%, w/v) with 82% residual 
activity, as well as with Triton X-100(1%, v/v), deoxycholate 
(1 %, w/v), Tween 80 (I %, v/v), methanol (20%, v/v) and 
ethanol (20%, v/v). 
Discussion 
Bacillus subtilis (RRL-BBI) produces an enantioselective ester 
hydrolase designated as BBL which shows application in the 
kinetic resolution of several substrates of varied chemical 
structures like racemic I -(phenyl)ethanol, l-(4-methoxy-
phenyl), I -(4-chlorophenyl) and I -(4-fluorophenyl)ethanols 
and racemic acids such as 2-bromopropanoic acid and 2-
hydroxy-4-phenyl butyric acid showing moderate to high 
enantioselectivity. In secondary alcohols it demonstrated 
high preference for butyrates whereas in primary alcohols 
lower selectivity and reversal of the enantiopreference was 
observed. In the case of carboxylates, moderate selectivity 
with general preference for (S)-isomers was observed as is 
generally reported for serine proteases. The new enzyme, 
therefore, offers the potential to be a useful ester hydrolase 
with wide substrate acceptability. 
The enzyme is an outer-membrane protein as was 
indicated by the presence of more than 98% of the enzyme 
activity in the supernatant derived by ultra-centrlfugation of 
cell-free extract Although the majority of the lipases and 
esterases reported from the genus Bacillus, Pseudomonas 
and Candida are extracellular and are secreted through the 
external membrane into the culture medium [24-27]. 
However, there are reports related to the presence of outer 
membrane bound lipases/esterases in bacteria [28,29]. BBL 
was not exported out of the cell envelope under the 
different growth conditions employed. The identical reaction 
rates observed with intact cells and Isolated enzyme indicate 
no substrate-transport limitation, as would be expected if 
the enzyme was located in the cytoplasm. 
Changes in the enzyme production by RRL-BB I were 
studied under the influence of different inducers. Most fatty 
acids, their esters, tweens and spans have been reported as 
effective inducers for the production of microbial lipases 
[30]. Of the many inducers tested in the current work, olive 
oil induced the production of BBL by about 3-fold. The 
Insignificant Increase in the cell mass of the organism grown 
in the presence of olive oil, in comparison with the uninduced 
culture, indicate that olive oil is not being used as a carbon 
source. Induction of.hydrophobic lipase by olive oil has also 
been observed in Pseudomonas species strain A.T.C.C. 21808 
[31 ]. Precipitation of BBL from cell-free extract at higher 
ammonium sulphate concentration was indicative of the fact 
that the enzyme may have low surface hydrophobicity. 
However, this was not in agreement with the aggregation 
behaviour of BBL seen on native PAGE in the form of 
multiple bands. The presence of a high content of hydro-
phobic residues may be responsible for the aggregation 
behaviour of BBL, which is a well-known property of the 
lipases of bacilli [32]. Strong aggregation and an irreversible 
adsorption of BBL t o phenyl-Sepharose, a hydrophobic 
resin, almost in the absence of salt indicate the presence of 
high hydrophobic residues in BBL. Cationic detergents like 
sodium cholate were used t o desorb the enzyme which led 
t o the appreciable purification of the enzyme without tailing. 
This was the key purification step, which resulted in a 27-fold 
increase in specific activity. Desorption of the microbial 
lipases from the hydrophobic resins with the help of cationic 
detergents like CHAPS has also been shown by other 
workers [33]. The purification procedure resulted In a highly 
active and pure enzyme with a high yield of about 26%, 
contrary to very low yields of 8 -14% of purified lipases 
generally reported from many bacterial species [34]. The 
purified enzyme (BBL) exhibited the enantio-selective and 
hydrolytic profile for the kinetic resolution of carbinols 
and carboxylic acids identical with that of whole cells. 
The N-terminal amino acid sequence determined as 
Thr-Lys-Leu-Thr-Val-Gln-Thr-Arg-Asp-Gly-Ala-Leu-Arg-
Gly-Thr did not reveal any homology with the N-terminal 
amino acid sequence of known lipases, indicating that BBL 
may be a novel hydrolase. Sequencing of the gene and/or the 
active protein in future studies may conclusively prove this 
hypothesis. The molecular mass of BBL is 45 kDa, which is 
relatively higher than the molecular masses of other report-
' 2002 Portland Press Ltd 
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ed lipases f r o m bacilli [ 3 2 , 3 5 - 3 7 ] which a r e general ly in t h e 
range of 1 6 - 2 0 kDa. Like many r e p o r t e d e s t e r hydrolases , 
BBL IS fairly s tab le o v e r t h e p H range of 6 - 1 0 [38], T h e 
bivalent-metal-chelat ing agent , EDTA, caused n o significant 
inhibition of lipase, indicating t h a t t h e e n z y m e is n o t a 
me ta l lop ro t e in . BBL s h o w e d stability wi th 0 .2% ( w / v ) SDS 
wi th 8 2 % residual activity. T h e c o m p l e t e inhibition of BBL by 
t h e se r ine act ive r e a g e n t PMSF indicates t h a t t h e e n z y m e is 
a m e m b e r of se r ine hydro lases and t h e se r ine r e s idue may b e 
easily accessible t o t h e s u b s t r a t e , which Is in c o n t r a s t wi th 
o t h e r bacter ia l lipases [39], 
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Enzyme directed diastereoselectivity in chemical reductions: 
studies towards the preparation of all four isomers of 
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Abstract—Enzymes play an important role in guiding the diastereoselectivity of the final products during the chemical reduction of 
the intermediates (R)- and (5>3-hydroxy-1 -phenyl-1 -butanone, prepared by bioreduction of l-phenyl-l,3-butadione. For example, 
the presence of an oxidoreductase such as Pichia capsulata during a one pot, two step, enzymo-chemical reduction of 1-phenyl-1,3-
butadione produced corresponding (1 i?,35)-1 -phenyl-1,3-butanediol (de ~ 98%), similarly Zygosaccharomyces rouxii furnished 
(15,3^?)-1 -phenyl-1,3-butanediol (de ~ 98%). On the other hand chemical reduction of (R)- and (S)-3-hydroxy-1 -phenyl-1 -butanone 
after the exclusion of the enzymes resulted in complete loss of diastereoselectivity, leading to the formation of all four isomers of 
1 -phenyl-1,3-butanediol. Moreover the yields of the final products are higher in the one-pot transformations than in the two step 
sequential reactions. 
© 2004 Elsevier Ltd. All rights reserved. 
1. Introduction 
Stereoselective transformations using biocatalysts'" are 
now regularly exploited in the preparation of chiral 
synthons in natural products synthesis. Use of inert 
solid supports such as silica gel and alumina to improve 
reactivity and yield in the reduction of keto functions to 
the corresponding secondary alcohols by chemical as 
well as enzymatic methods has been a much studied 
reaction."" The presence of a protein as a guide to regio-
selective reduction is a comparatively recent develop-
ment. Chemoreduction in the presence of BSA (Bovine 
serum albumin) for improving regioselectivity particu-
larly of natural products such as sterols has been 
reported.''^ On the other hand the influence of crude 
enzymes on the diastereoselectivity profile of chemical 
reactions such as reductions has not been explored. 
Herein we describe results obtained during one-pot two 
step enzymo-chemical reduction reactions of the 
important substrate 1 -phenyl-1,3-butadione 1. The 
results of these transformations unambiguously demon-
strate that crude enzymes play an important role in the 
• Corresponding author. Tel.: +91-191-2580329; fax: +91-191-25486-
07/2543829; e-mail: sc_taneja@yahoo.co.in 
stereoselectivity during the formation of diastereoiso-
mers of 1 -phenyl-1,3-butanediol. Both acyclic and cyclic 
1,3-diols are of much interest to synthetic chemists since 
these molecules form the basic skeleton of natural 
products such as polyene and polyol macrolide antibio-
tics, for example, Compactin, Rifamycin^ and Lono-
mycin A, etc.-'' They are also the precursors in the 
synthesis of some important natural products such as 
pheromones. Thus protection of diols followed by con-
version to chiral hydroxyketones as intermediates, has 
been found to be of wide application in the preparation 
of natural products.^"^ 
A versatile method of preparing 1,3-diols is by reduction 
of P-hydroxyketones, synthesized from corresponding 
silyl enol ethers and aldehydes through Mukaiyama 
aldol reaction.^ There are a number of methods 
described in the literature for the preparation of syn-1,3-
diols® while the Tishchenko reduction'" produces anti-
diastereoisomers. 
2. Results and discussion 
In our attempts to obtain all the four isomers of enan-
tiomerically enriched 1 -phenyl-1,3-butanediols we 
0957-4166/5 - see front matter © 2004 Elsevier Ltd. All rights reserved. 
doi:10.1016/j.telasy.2004.04.022 
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envisaged to initially select a suitable biocatalyst for the 
preparation of intermediate 3-hydroxy-1 -phenyl-1 -
butanone in enantiomcrically pure form. Consequently, 
screening of several oxidoreductases from our culture 
collection as well as commercial sources was under-
taken. In this study, 15 enzyme strains in the families of 
yeasts, bacilli and fungi were shortlisted by preliminary 
screening of reductase activity and among them nine 
were found to be effective in reducing the substrate 1. In 
the first step, as reported in literature,"''" '- bioreduction 
of I -phenyl-1,3-butadione with Saccharomyces cerevi-
siae furnished a monohydroxy ketone (+)-2 as the 
product, comprising predominantly the (S)-enantiomer 
of high enantiopurity, while Geotrichum candidum and 
Aspergillus niger are reported to furnish the (i?)-enan-
tiomer.'-^ In our experiments, which include yeast, bacilli 
and fungi, bioreduction was carried out using resting 
cells and a bubbler was used to maintain anaerobic 
conditions at 30 °C. In all the bioreduction reactions of 
the substrate 1, a single product (3R)- or (35)-hydroxy-
1-phenyl-1-butanone (Scheme 1) with varying degree of 
enantiomeric excess was obtained. In these transforma-
tions, the 3-oxo functional group adjacent to terminal 
methyl was stereoselectively reduced by the biocatalysts 
in moderate to excellent ee's leaving the other keto 
group at C-1 intact. Bacillus pseudomegatherium (RRL 
Acc. No: RRLB 008), Candida crusei (RRLY 003), Pi-
chia capsulata (RRLY 002), Physarium policephalum 
(RRLF 005) and S. cerevisiae (RRLY 007) furnished 
{S)-2, with the best selectivity being displayed by P. 
capsulata (ee ~ 99%) followed by Candida crusei 
(ee ~ 94%). Bioreductions using Arthrobacter crystallo-
poietis (RRLB 281), Pichia farinosa (RRLY 004), Pichia 
pseudopastoris (RRLY 001) and Zygosaccharomyces 
rouxii (RRLY 006), furnished predominantly {R)-2 and 
Z. rouxii furnished practically an enantiopure product 
(ee ~ 99%) followed by Arthrobacter crystallopoietis 
(ee ~ 83%). Surprisingly in all the bioreductions only the 
3-oxo functional group was reduced, displaying com-
plete regioselectivity and even after prolonged reaction 
time (14 days) there was no formation of the dihydroxy 
product that is, 1-phenyl-1,3-butanediol. The results of 
these experiments are summarized in Table 1. 
The data in Table 1 clearly demonstrates the efficacy of 
Z. rouxii and P. capsulata, displaying excellent regio-
selectivity to produce enantioniers (-)-2 and (+)-2 that is 
(i?)-(-)- and (5)-(-l-)-3-hydroxy-1 -phenyl-1 -butanone, 
respectively, in high enantiomeric excess and chemical 
yields. After the completion of the first step of biocat-
alytic reductions, addition of a chemical reducing agent 
that is, sodium borohydride or sodium cyanoborohy-
dride in the same reaction pot comprising the biocatalyst 
in aqueous medium at 5°C, resulted in smooth trans-
formation to optically active 1-phenyl-1,3-butanediols 
(-)-4 and (+)-4, respectively, in high yields. Scheme 2 
represents the best results obtained in one-pot enzymo-
chemical reduction reaction using yeast strains namely 
P. capsulata and Z. rouxii. 
The diastereoisomeric ratio (de) of syn- and -phe-
nyl-1,3-butanediols as determined by proton N M R and 
total yields of the final products are shown in Table 2.'*' 
The results demonstrate that the one-pot sodium boro-
hydride reduction in the presence of biocatalysts such as 
P. capsulata and Z. rouxii, displayed improved diaste-
reoselectivity, resulting in the formation of anti products 
(de ~ 98%) while sodium cyanoborohydride displayed 
comparatively lower diastereoselectivity (de ~ 66-76%). 
The possibility of any influence exerted by the presence 
of glucose on the diastereomeric ratio was ruled out 
when experiments were run with biocatalyst with or 
without using 5% glucose in which the de remained 
unaffected. 
Biocatalyst 
(S)-(+)-2 
Biocatalyst 
OH 
(RH-)-2 
Scbctiic 1. 
Table I. Bioreduction of 1-phenyl-1,3-butanedione 1 with micro-organisms 
Entry Micro-organism Yield (%) Ee (%)' Reaction time 
(h) 
Absolute 
configuration'' 
MD CHCl, 
1 BaciUus pseudomegatherium 50 46 • 72 S +31.5 
2 Candida crusei 82 94 48 s +64 
3 P. capsulata 85 99 18 s +67.5 
4 Physarium policephalum 60 53 72 s +36 
5 S. cerevisiae 80 77 72 +48.5 
6 Arthrobacter crystallopoietis 75 83 48 R -56.4 
7 Pichia farinosa 70 67 48 R -45.5 
8 Pichia-pseudopastoris 80 78 48 R - 4 9 
9 Zygosaccharomyces rouxii 85 99 40 R -67.5 
•'The CCS were determined by Chiral HPLC (Chiralcel OD-H. mobile phase; hexane-isopropanoi =95:5) analyzed after isolation of the bioproducts 
by column chromatography. Retention times of (R)- and (S)-enantiomers are 15 and 16.5 min, respectively. 
''The absolute configurations were assigned by comparison of the sign of the specific rotation with that reported in the literature."' " 
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O H O H O O O H O H 
(+)-4, ee=99% 
Scheme 2. 
Table 2. One-pot enzymo-chemical reduction of 1 to ( - ) - 4 and (+)-4 
Micro-organism Reaction time for the 
formation of ( - ) -2 / (+)-2 
Ee (%) (conf) of 
( - ) -2/ (+)-2 
syn-anti' an//-Isomer ee% 
(conf.)" 
jj«-Isomer ee% 
(conf.)'' 
Total yield 
(%) 
P. capsulata 24 99 (Sf 1:99 99 (l/?,35) N D 70 
P. capsulata 24 99 (Sf" 1:99 99 (l/?,35) N D 68 
P. capsulata 30 99(5}- 12:88 99 (1^,357 99 (15,35) 67 
P. capsulata 30 99 {St 13:87 99 (1^,35) 99 (15,35) 65 
Z. rouxii 40 99 (RY 1:99 99 (15,3/?) N D 75 
Z rouxii 40 99 (Rf 1:99 99 {ISM) N D 72 
S. cerevisiae 60 11 {Sf 15:85 75 (1/?,3S) 75 (15,35) 60 
S. cerevisiae 60 77(5)'' 17:83 75 (IR,3S) 75 (15,35) 60 
S. cerevisiae 60 77 {Sf 20:80 71 (1/?,3S) 73 (15,35) 62 
B. gatherium 72 47(5)" 1:99 41 (li?,35) N D 55 
ND—not determined. 
"NaBH4/NaCNBH3 was used in presence of enzyme without nutrient. 
•"NaEHLi/NaCNBHs was used in presence of enzyme and 5% glucose solution. 
'^syn-anti Ratio determined by proton NMR. 
'' Ee% determined by Chiral HPLC. The ee% of ( - ) - 2 and (+)-2 was determined by analyzing the aliquots after the completion of the reaction as 
monitored by TLC. 
To assess the role of the biocatalysts in influencing the 
diastereoselectivity in the formation of 1,3-diols, 
chemoreduction of bioreduced products ( - ) -2 and (+)-
2, purified by column chromatography was carried out 
in the absence of biocatalysts. The reducing agents used 
are lithium aluminium hydride in dry THF/diethyl ether 
at 0-5 °C (Table 3, entries 1-3), sodium borohydride 
(Table 3, entries 4-7), sodium cyanoborohydride (Table 
3, entries 8-11) (with or without the presence of glucose) 
(Scheme 3). 
The reduction of ( - ) -2 and (+)-2 with sodium borohy-
dride and sodium cyanoborohydride afforded almost 
equimolar ratio of enantiomerically pure syn- and anti-
diols (42:58) and (50:50). respectively, which could easily 
be separated by column chromatography. However, 
reduction with LAH in dry diethyl ether showed some 
improvement in the diastereoselectivity, resulting in the 
formation of syn- and a«r/-diols in 73:27 ratio (Table 3). 
From above studies it appears that the presence of the 
biocatalyst in the reaction medium does play an 
important role in guiding the diastereoselectivity of the 
reduced products during chemical reductions. Whether 
the crude enzyme acts as a solid support or matrix 
during the transformations or the chemical reducing 
agent fonns a weak complex with the biocatalyst is not 
clear. It may also be possible that the cell surface and 
not the enzyme (protein) helps in modifying the diastereo-
selectivity of the final product. To rule out the possibility 
Table 3. Chemical reduction of 3-hydroxy-l -phenyl-1 -butanone (~)-2 and (+)-2 after eliminating the enzyme 
trnwy Substrate Reagent Solvent Product ratio Conf. Total yield (%) 
syn-anti*' syn diol-anti d id 
1 ( - ) - 2 LiAIHj Ether® 73:27 {li?,3i5):(15,3i?) 90 
2 ( - ) - 2 UAIH4 T H P 74:26 (li?,3i?):(lS,3i?) 86 
3 (+)-2 LiAIHj Ether" 72:28 (15,35);(l/?,35) S7 
4 (-)-2 NaBH4 MeOH'' 42:58 (lR,3Ry-(iSM) 85 
5 ( - ) - 2 NaBH4 H20= 50:50 {\R,3R):{IS,3R) 85 
6 ( - ) - 2 NaBH4 HaO" 45:55 {IRM)-{IS,3R) 75 
7 (+)-2 NaBH4 HjO' 50:50 (15.35):(l/?,35) 85 
8 (->-2 NaCNBH, MeOH' 50:50 (l/?,3i?):(15,3/?) 86 
9 ( - ) - 2 NaCNBH, HaO'^  30:70 (IR,3R):(IS,3Rj 78 
10 (+)-2 NaCNBHj HjO' 28:72 {IS,3S):{IR,3S) 75 
11 (+)-2 NaCNBH, MeOH" 50:50 (1S,3S):{1R,3S) 82 
" Reactions performed at 0 -5 "C. 
^syn-anti Ratio was determined by 'H NMR. 
''Reaction performed at room temp (20-25°C). 
Reaction performed at room temp in 5% ghico.se solution. 
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Scheme 3. 
of the cell surface playing any role we also carried out the 
one-pot chemical reductions of ( -)-2 and (+)-2 with 
sodium borohydride in the presence of a cell free extract 
of biocatalysts. The final results in these experiments 
matched with those obtained in presence of whole cells 
(Table 2) as again formation of predominantly anti 
products was observed. These experiments clearly dem-
onstrate that it is possible to carry out one-pot sequential 
transformations advantageously without the need to iso-
late the intermediates or sacrifice overall yields of the final 
products. 
The specific rotation values and the enantiomeric excess 
of all the four diastereomers thus prepared along with 
the reported ones in literature'-''''® are given in the Table 
4. It should be emphasized here that the present strategy 
of one-pot enzymo-chemical reductions to prepare the 
enantiomerically enriched srn- and a/u/-l-phenyl-l,3-
butanediols seems to be better than those reported ear-
lier so far as the yields and enantiopurity of ( - ) -4 and 
(-t-)-4 are concerned. 
As our attempts to reduce both the keto groups of the 
substrate I by successive bioreductions using a single 
biocatalyst to prepare all of the possible enantiopure 
isomers of 1-phenyl-1,3-diols through the intermediates 
( - ) - 2 and (-f)-2 did not succeed, we therefore envisaged 
bioreduction of another intermediate that is, (±)-4-
hydroxy-4-phenyl-butan-2-one 6 (prepared by catalytic 
hydrogenation of 1 in 84% yield) as an alternative route 
to the formation of enantiopure 1,3-diols. Thus (±)-6 
was subjected to bioreduction (Scheme 4) using P. cap-
sulata and S. cerevisiae, and, as expected, the biocata-
lytic reduction was facile with P. capsulata affording a 
high enantiomeric excess (99%) and isolated yields (75%) 
with an equal ratio of both the diastereoisomers (-f-)-4 
and (—)-5. S. cerevisiae on the other hand afforded 
predominantly the a«ri-diastereoisomer of high enan-
(+)-5 
ee 99% 
Scheme 4. 
tiomeric excess (eC' 
were low (45-50%). 
'99%) though the isolated yields 
Bioreduction of (±)-6 using Z. rouxii was also carried 
out in a diastereospecific manner though with reversal of 
selectivity, thereby giving other pair of enantiomcricall\ 
pure diastereoisomers ( - ) - 4 and (+)-5 in good isolated 
> ields (~70%). The results of these experiments arc 
summarized in Table 5. 
3. Conclusion 
All the four diastereoisomers of 1 -phenyl-!,3-butanedi-
ols were successfully prepared from corresponding 
1 -phenyl-1,3-butadione, applying chemo-enzymatic and 
enzymo-chemical methodologies using a number of 
reductases, best among them are Z. rouxii, S. cerevisiae 
and P. capsulata. It was also established conclusively 
that the presence of enzymes in the reaction media 
imparts an important role in influencing the diastereo-
selectivity of the products during one-pot enzymo-
chemical transformations. Yields of the final products 
Table 4. Specific rotation values of isolated bvoproducts (diols) 
Entry Compound Conf. Ee (%) (Concn) Ee (%) lit.'^ Wd" (Concn) 
1 ( - H (IS,3/?) 99 -61 .6 (0 7) 94 -65 .0 (3.4) 
2 (+)-4 99 - 6 1 0(1.0) 98 +61.1 (3.4) 
3 (15',35') 99 -58 .7 (1.2) 98 -48 .9 (0.8) 
4 (l/?,3«) 99 - 5 6 . 5 (2 2) 98 +49.4 (0.8) 
Literature value ' 
K. Ahmad et al. I Tetrahedron: Asymmetry IS (2004) 1685-1692 1689 
Table 5. Preparation of (-)-4, (+)-4, (+)-5 and (-)-5 by the biotransformation of (±)-6 
Substrate Micro-organism Reaction time (h) Product Yield (%) Conf. Ee (%) 
r iJ5 
MD 
(±)-6 P. capsulata 24 (+)-4 38 {\R,iS) 99 +61.0 
( - > 5 38 (1S.3S) 99 -58 .7 
(±)-6 S. cerevisiae 96 (+)-4 30 (1/?,3S1 . 99 +61.0 
( - ) - 5 15 (15,35-) 99 -55.0 
(±)-6 Z. rouxii 48 ( - ) - 4 23 (ISM) 99 - 6 1 . 6 
(+)-5 46 (\R3R) 99 +56.5 
are much higher in one-pot transformations than in two 
step sequential reactions. 
4. Experimental 
4.1. General 
' H NMR spectra were recorded as S values at 200MHz 
NMR and '^C NMR at 50 MHz using CDCI3 as a sol-
vent and TMS as internal standard. Infrared spectra 
were recorded as KBr pellets in cm"' on a Hitachi 270-
30 model spectrophotometer. Mass spectra were 
recorded on JEOL MSD-300 mass spectrophotometer. 
Optical rotations were measured on Perkin-Elmer 241 
polarimeter in CHCI3 solution. Chiral HPLC was car-
ried out on a Shimadzu LC-10 AT model. HPLC anal-
ysis of 1 -phenyl-3-hydroxy-butan-1 -one was performed 
on Chiralcel OD-H (chiral column), using isopropanol-
hexane = 5:95 as eluent, flow rate 0.8 mUmin where as 
the HPLC analysis of 1,3-diols was carried out on {R,R)-
Whelk-01, using hexane-isopropanol-acetic acid = 
96.9:3.0:0.1 as eluent, flow rate 0.5 niL/min. 
4.2. Cultivation of microorganisms 
For the general preparation of biomass the following 
solution was used (gL"'); yeast 3g, dextrose 20 g, pep-
tone lOgL" ' , pH adjusted to 6.5. The medium auto-
claved at 120 °C for 20min. The dextrose solution 
autoclaved separately and used prior to inoculation. 
Flask (1000 mL) filled with 250 mL of the medium 
inoculated and cultivated under CO2 atmosphere on a 
rotary shaker (200-220 rpm), temp 30 °C. The optical 
density (OD) of the medium was observed at 610 nm and 
the medium centrifuged at 8000 rpm with temp at 10-
15°C for 8-lOmin. The pellet washed with autoclaved 
distilled water and centrifuged again. The cell pellet thus 
obtained is used as such for biotransformation. 
4.3. General method for the biocatalytic reduction of 
benzoylacetone 
In a typical experiment, to a suspension of Z rouxii in 
distilled water (7.5 g wet pellet in 75 mL) containing 
glucose (5 g) was added ethanolic solution of compound 
1 (162mg, 1.0 mmol, 0.3 mL) and the contents were 
shaken at 30 "C as such using a bubbler. After comple-
tion of the reaction {40 h), the contents were centrifuged 
and the supernatant and cell pellet were extracted sep-
arately with diethyl ether (3 x 70 mL). The combined 
organic layer was washed with water, dried over anhy-
drous sodium sulfate and concentrated under reduced 
pressure to furnish the crude product, which on purifi-
cation by column chromatography on silica gel and 
elution with hexane-ethyl acetate (85:15) afforded (i?)-3-
hydroxy-1 -phenyl-butan-1 -one (—)-2 as a colourless oil 
(140 mg, 85%). Md = -67 .5 (c 1.2, CHCI3) 99% ee (by 
Chiral HPLC analysis.); IR (KBr): 3423, 2970, 1681, 
1449, 1374, 1003, 754, 690 cm- ' ; ' H N M R (200 MHz, 
CDCh): S 1.30 (3H, d, J = 6.4 Hz, CHj), 3.10 (2H, d, 
J = 6.0 Hz, CH.), 3.24 (IH, OH), 4.42 (IH, m, CHOH), 
7.50 (3H, m, ArH), 7.97 (2H, dd, J = 2.0, 8.5 Hz, ArH); 
" C N M R (50 MHz, CDCI3): 6 22.47, 46.54, 64.08, 
128.12, 128.75, 133.63, 136.75, 200.95; MS m/z(%): 164 
(2.4), 146 (11.4), 120 (12.4), 106 (100), 91 (5), 77 (60), 52 
(32). Anal. Calcd for C.oHuOj: C, 73.17; H, 7.31. 
Found: C, 73.55: H, 7.39. 
4.4. Bioreduction with S. cerevisiae 
To a stirring solution of glucose (8 g) and S. cerevisiae 
(I3g) in distilled water (100 mL) was added ethanolic 
solution of compound 1 (540 mg, 3.33 mmol, 1.0 mL) 
and the contents stirred for 72 h at 30 °C. The mixture 
was worked up as described in Section 4.4 to furnish 
crude bioproduct (+)-2, which on purification by col-
umn chromatography on silica gel with ethyl acetate-
«-hexane (15:85) as eluant gave {+)-! (440 mg, 80%). 
Md - +48.5 ic 2.8, CHCI3) 77% ee (HPLC analysis); 
IR (KBr): 3427, 2971, 1681, 1449, 1373, 1002, 754. 
690 cm- ' . 
4.5. Synthesis of racemic syn- and «/»r/-1-phenyl-1,3-
butanediol; (±)-4 and (±)-5 
Compound I (6.48 g, 40 mmol) was reacted with sodium 
borohydride (2g, 52.9 mmol) in methanol (JlOmL) at 0 -
5°C to afford a mixture of syn- and a/;//-1-phenyl-1,3-
butanediol [(±)-5 and (±)-4, 6.0 g, 90% yield] after usual 
workup. The diol mixture was divided into two parts. 
The first part was processed for the isolation and sepa-
ration of racemic 4 and 5 and second part was used for 
the preparation of (±)-2. Column chromatography of 
part one on silica gel and elution with ethyl acetate-
n-hexane (20:80) affords (±)-5 (syn product as a semisolid 
(900 mg, 27%). IR (KBr): 3260, 3027, 2967, 2866. 1601. 
1491, 1452, 1373, 1321, 1133, 1073, 974, 760, 700 cm- '; 
'H NMR (200 MHz, CDCI3): 5 1.23 (3H, d, J = 6.2Hz. 
CH3), 1.81 (2H, m, CH2), 4.15 (IH, m, CHCHi), 4.94 
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(IH, dd, J = 3.54, 9.55Hz, ArCH) and 7.31 (5H, m, 
ArH); " C N M R (50 MHz, CDCl,): d 23.90, 46.91, 
68.86, 75.20, 125.67, 127.50, 128.43, 144.50; MS m/z (%) 
166 (4.3), 148 (25.5), 133 (9.5), 107 (100). 105 (66.8), 104 
(17.8), 79 (89.5), 77 (54.8). Anal. Calcd for CioH^Oj: C, 
72.28; H, 8.43. Found: C, 72.82; H, 8.50. Further elution 
with the same eluent gave racemic (±)-4 as a crystalline 
solid rap 80 °C (2.10g, 63%). IR (KBr): 3395, 3308, 
2972, 1586, 1494, 1455, 1423, 1378, 1350, 1333. 1319, 
1129, 1049, 969, 762, 704, 548cm-'; 'H NMR 
(200 MHz, CDCI3): 1.20 (3H, d, J = 6.2 Hz, CHj), 1.84 
(2H, m, CH2), 4.03 (IH, m, CHCH3). 5.01 (IH, dd, 
J = 4.6, 6.5 Hz, ArCH) and 7.31 (5H, m, ArH). '^C 
NMR (50MHz CDCh): S 23.50, 46.17, 65.36, 71.71, 
125.63, 127.34, 128.46, 144.50; MS m/z (%): 166 (3.9), 
148 (23), 133 (11), 108 (11.0), 107 (100), 105 (72), 104 
(18.3), 91 (9.3), 79 (99), 77 (74). Anal. Calcd for 
C10H14O2: C, 72.28; H, 8.43. Found: C, 72.61; H, 8.47. 
4.6. Synthesis of (±)-3-hydroxy-l-phenyl-butanone (±)-2 
A mixture of (±)-4 and (±)-5 (1.39 g. 8.4mmol) was 
reacted with pyridinium dichromate (3.15 g, 8.4 mmol) 
in dimethylformamide (8 mL), the contents stirred at 
0°C for 2.5 h and the reaction was monitored by TLC. 
After completion of the reaction, the mixture was 
diluted with diethyl ether (150 mL), filtered and the solid 
washed with diethyl ether (2 x 50 mL) and the combined 
organic layer was concentrated under reduced pressure. 
The crude product was purified by column chromato-
graphy on silica gel to give (±)-2 as an oil (760 mg, 55%). 
IR (KBr): 3423, 2971, 1680, 1449, 1374, 1002, 754, 
690 cm"' . IR of (±)-2 was super-imposable with that of 
(-)-2. 
4.7. One-pot preparation of (-)-4 
To a suspension of Z. rouxii (wet pellet, 6.5 g) in distilled 
water (65 mL) containing glucose (4g) was added eth-
anolic solution of compound 1 (100 mg, 0.61 mmol, 
1 mL) and the contents were shaken at 28 °C using a 
bubbler. The reaction was monitored by TLC, after the 
completion of the reaction (40 h), the ee% of the inter-
mediate (—)-2 was determined by taking out 5 mL test 
sample and analyzing it by Chiral HPLC using Chiralcel 
OD-H. Bubbler was removed and the contents cooled to 
15°C and to the stirring solution was added NaBH4 
(25 mg, 0.64 mmol) in three small portions. After the 
completion of the reaction (2 h), workup and HPLC 
analysis of the final product showed the diastereoiso-
nieric excess of 98% and ee of >99%. Purification of the 
crude product by column chromatography on silica gel 
afforded sole product ( - ) -4 (75 mg, 75%). [a]^ = -61 .6 
(c 0.7, CHCI3) ee 99%; IR (KBr): 3405, 3030, 2970. 2928, 
1603, 1494, 1454, 1376, 1334, 1289. 1237, 1208, 1135, 
1048, 974, 908, 809, 700, 665 cm-' ; 'H NMR (200 MHz, 
CDCI3): 3 1.19 (3H, d, J = 6.3 Hz, CH,), 1.83 (2H, m, 
CH2), 4.02 (IH, m, CHCH3), 4.99 (IH, dd, J = 4.5, 
6.8 Hz, Ar-CH) and 7.28 (5H, m, ArH); " C NMR 
(50 MHz, CDCI3): S 23.36, 46.21, 65.14, 71.43, 125.59. 
127.19, 128.35, 144.48; MSm/2 (%) 166(4.1), 148 (26.9), 
133 (12), 107 (96.4), 105 (68.1), 79 (100), 77 (72). Anal. 
Calcd for C10H14O2: C, 72.28; H, 8.43. Found: C, 72.66; 
H, 8.51. 
4.8. One-pot synthesis of (+)-4 
To a suspension of P. capsulata (wet pellet, 6.5 g) in 
distilled water (65 mL) containing glucose (4 g) was 
added ethanolic solution of compound 1 (lOOmg, 
0.61 mmol, 1 mL) and the contents shaken at 28 °C using 
a bubbler. Reaction was monitored by TLC, the ee% 
and the configuration of the intermediate (+)-2 was 
determined by taking out 5mL test sample, extracting it 
with diethylether, followed by desolventization and 
analysis on Chiral HPLC using Chiraccl OD-H. Bubbler 
was removed and the contents were cooled to 15 °C and 
to the stirring solution was added NaBH4 (25 mg, 
0.64 mmol) in three small portions. After the completion 
of the reaction, HPLC analysis showed de of 98% and ee 
of 99%. Purification of the bioproduct by column 
chromatography on silica gel gave (+)-4 (70 mg, 70%) 
Md = +61 (c 1.0, CHCh); 99% ee; IR (KBr): 3355. 
3030, 2968, 2928, 1607, 1492, 1452, 1404, 1336, 1129, 
1054, 974, 755, 700, 551 cm"'; 'H NMR (200MHz, 
CDCI3): b 1.18 (3H, d, J = 6.2 Hz, CH,), 1.81(2H, m, 
CH2), 4.01 (IH, m, CHCHj) , 4.98 (IH, dd, J = 6.6, 
J = 3.7 Hz Ar-CH) and 7.29 (5H, m, ArH); '^C NMR 
(50 MHz, CDCI3): 6 23.36, 46.26, 65.11, 71.39, 125.59, 
127.23, 128.37, 144.46; MS m/z (%) 166 (4.2), 148 (28.4), 
133 (10), 107 (98.9), 105 (71.8), 79 (83.2), 77 (59.6), 56 
(10.4), 52 (30.4), 47 (30.4). Anal. Calcd for CioH^O.: C, 
72.28; H, 8.43. Found: C, 72.62; H, 8.41. 
4.9. LiA!H4 reduction of (-)-2: preparation of (-)-4 and 
(+)-5 
To a solution of bioproduct (—)-2 (328 mg, 2.0 mmol) in 
diethyl ether (70 mL), LAH (57 mg, 1.5 mmol) was 
added in three installments at 0 °C and the reaction was 
monitored by TLC. After the completion of the reac-
tion, the contents were worked up by quenching the 
unreacted LAH by the addition of ethyl acetate (50 mL) 
followed by addition of water (30 mL), separation of the 
organic layer followed by drying over anhydrous 
sodium sulfate and concentration in vacuo gave the crude 
mixture of ( - ) -4 and (+)-5. The products ( - ) -4 and (+)-5 
were separated by column chromatography over silica 
gel using the same mixture of solvents as eluent as de-
scribed for the separation of racemic (±)-4 and (±)-5 to 
give ( - ) -4 as a semisolid (72 mg, 22%) and (+)-5 as a 
solid mp 65 °C (225 mg, 68%); IR (KBr): 3401, 3254, 
3026, 2966, 2926, 2865, 1637, 1492, 1453, 1378, 1322, 
1258, 1198, 1134, 1070, 934, 759, 699cm-' . ' H NMR 
(200 MHz., CDCl,): (5 1.19 (3H, d, J = 6.0 Hz, CH,), 
1.82 (2H, m, CH2), 4.09 (IH, m, CHCH3), 4.89 (IH, dd, 
J = 3.0, 9.4 Hz, ArCH), 7.29 (5H, m, ArH); '^C N M R 
(50 MHz, CDCI3): <5 23.97, 46.91. 68.76, 75.15, 125.67, 
127.53, 128.45, 144.47; MS m/z (%): 166 (3.9), 148 (23), 
133 (II), 107 (100), 105 (72), 79 (99), 77 (74). Anal. 
Calcd for C,oH,40.:C, 72.28; H. 8.43. Found: C, 72.42; 
H. 8.45. 
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4.10. NaCNBHj reduction of (-)-2: preparation of (-)-4 
and (+)-5 
Bioproduct ( - ) -2 (164mg, 1.0 mmol) and sodium cyano-
borohydride (126 mg, 2.0mmoi) were dissolved in 
methanol (8 mL) at 0 °C, a trace of bromocresol Green 
was also added to monitor the reaction. The solution 
was immediately turned to blue and 3 N HCl methanol 
was added dropwise to restore the yellow colour. The 
solution was stirred for 2 h and the contents were con-
centrated at reduced pressure and the residue was 
extracted with diethyl ether (3 x 20 mL). The combined 
extracts were dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. The mixture was 
separated by column chromatography on silica gel and 
eluted with ethyl acetate-n-hexane; 20:80 to aive (+)-5 as 
a solid (70 mg, 43%). [a]" = +52.5 (c 1.2, CHClj) 99% 
ee; and ( - ) -4 as a semisolid (70 mg. 43%). [aj^ = -61.6 
(c 0.7, C.HCI3) 99% ee. 
4.11. NaBH4 reduction of (-)-2: preparation of (-)-4 and 
(+)-5 
To a solution of ( - ) -2 (113mg, 0.70mmol) in methanol 
(50 mL), NaBH4 (19 mg, 0.5 mmol) was added at 0°C 
and the reaction was monitored by TLC. After the 
completion of the reaction, the reaction was worked up as 
usual and the products were separated by column chro-
matography on silica gel as described for LAH reduction 
to give (+)-5 as a solid (40 mg. 35%) [aj^ = +52.5 (c 1.2, 
CHCI3) 99% ee and ( - ) -4 as a semisolid (55 mg, 48%). 
[xfa = -61 .6 (c 0.7, CHCl,) 99% ee. 
4.12, NaCNBHj reduction of (+)-2: preparation of (+)-4 
and (-)-5 
Bioproduct (+)-2 (492 mg. 3.0 mmol) in methanol 
(8 mL) and sodium cyanoborohydride (440 mg, 
7.0 mmol) was made to react in the presence of bromo-
cresol Green (1 mg to monitor the reaction) at 0°C and 
the reaction was worked up as described for the prepa-
ration of ( - ) -4 and (+)-5, to give after column chro-
matography on silica eel ( - ) -5 (206 mg. 41%) 
= - 4 9 (c 0.8, CHCU) 94% ee; IR (KBr): 3254. 
3026, 2967, 2929, 2865, 1603. 1491. 1453. 1377. 1321, 
1134, 1071, 974, 759 and 700cm 'H NMR (200 MHz. 
CDCU): 5 1.19 (3H, d, J = 6.1 Hz. CH,). 1.78 (2H. m. 
CH,), 4.09 (IH, m, CHCH,). 4.87 (IH. dd. J = 3.4. 
3.3 Hz, ArCH) and 7.30 (5H. m, ArH); '-'C NMR 
(50 MHz, CDCI3): d 23.98, 46.91, 68.76, 75.15. 125.70. 
127.55, 128.47, 144.50; MS m/z (%) 166 (4.3). 148 (25.3). 
107 (99), 105 (66), 79 (88), 77 (54.8), 56 (8.6). 52 (30.4), 
47 (30.4). Anal. Calcd for C,oH,40,:C, 72.28: H, 8.43. 
Found: C, 72.12; H, 8.48. (+)-4 (206 mg, 41%) 
[aJo^  = +58 (c 0.8, CHCU) 94% ee. 
three installments at 0°C and the reaction was moni-
tored by TLC. After the completion of the reaction the 
contents were worked up as described for the prepara-
tion of ( - ) -4 and (+)-5 to give after purification by 
column chromatography on silica gel ( - ) - 5 as a solid, 
mp 65 °C (104mg, 63%) [a]" = - 5 2 (c 0.8, CHCI3) 94% 
ee and (+)-4 as a semisolid (40 mg, 24%). [aj^ = +58 (c 
0.8. CHCI3) 94% ee. 
4.14. Synthesis of racemic 4-hydroxy-4-phenyI-butan-l-
one (±)-6 
To a solution of 1 (11.340 g, 70.0 mmol) in etbanol 
(80 mL) was added 10% Pd/C (650 mg) and the contents 
hydrogenated at 45 psi. The reaction was monitored by 
TLC. After usual workup, the crude product was puri-
fied by column chromatography on silica gel to give 
racemic ketol (±)-6 (9.53 g, 86%). IR (KBr): 3419, 2919, 
1709, 1493, 1361, 1162, 1060, 755, 700cm-' ; ' H N M R 
(200 MHz, CDCI3): <5 2.17 (3H, s, CH3), 2.83 (2H, d, 
J = 6.5Hz, COCH2), 3.05 (IH, s, exchangeable with 
D,0) , 5.17 (IH, d, 7 = 6.5 Hz, CHOH), 7.36 (5H, s, 
ArH); " C NMR (50 MHz, CDCI3): 5 30.79, 52.04. 
69.85, 125.65, 127.66, 128.53, 142.88, 209.04; MS m/z 
(%): 164 (100) M+, 146 (94), 131 (37), 107 (99.2). 105 
(99.1), 91 (5), 79 (99.1), 77 (60), 58 (97.7). Anal. Calcd 
for CioHpOj: C, 73.17; H, 7.31. Found: C, 73.42; H, 
7.41 and a mixture of (±)-4 and (±)-5 (440 mg, 2.5%). 
4.15. Bioreduction of (±)-6 with Z. rouxii: preparation of 
(-)-4 and (+)-5 
Wet pellet of Z. rouxii (12 g) was suspended in a flask 
containing glucose (7 g) and distilled water (120 mL) and 
solution of compound 6 (328 mg, 2.0 mmol) in ethanol 
(1 mL) was added to it. The contents were stirred for 48 h 
at 30 °C using a bubbler. Workup of the reaction mixture 
furnished a crude product. Purification by column 
chromatography on silica gel gave (+)-5 (150 mg, 45%); 
[a]-n = +52.5 (c 0.9, CHCl,) >99% ee (HPLC) and ( - ) -4 
(72 mg, 22%), [alo = -61.6 (c 0.7, CHCI3), >99% ee. 
4.16. Bioreduction of (±)-6 with P. capsulata: preparation 
of (+)-4 and (-)-5 
Racemic 6 (100 mg, 0.61 mmol) in ethanol (1 mL) was 
subjected to bioreduction with P. capsulata (6.5 g wet 
pellet. 65 mL distilled water and 5g glucose) at 25 °C. 
The reaction was worked up after 24 h. Purification by 
column chromatography on silica gel and elution with 
ethyl acetate-/!-hexanc (20:80) cave (+)-4 as a semisolid 
(38 mg). [a]^; = +61 (c 0.9, CHClj) 99% ee and ( - ) -5 as 
a solid (38 mg). = -58.7 (c 0.5. CHCI3) 99% ee. 
4.13. LiAlH4 reduction of (+)-2: preparation of (+)-4 and 
(-)-5 
To a solution of (+)-2 (164mg, 1.0mmol) in diethyl 
ether (50mL), LAH (38 mg. 1.0mmol) was added in 
4.17. Bioreduction of (±)-6 with S. cerevi.siae: preparation 
of (+)-4 and (-)-5 
A solution of racemic 6 (lOOmg, 0.61 mmol) in ethanol 
(1 mL) was subjected to bioreduction with S. cerevisiae 
1692 K. Ahnuid el at. / Tetrahedron: Asymmetry IS (2004) I6S5-I692 
(8g, distilled water 60 mL, glucose 4g) at 25 °C and 
worked up af ter 96 h and af ter purification by column 
chromatography on silica gel, and elution with ethyl 
acetate-«-hexane (20:80) to afford (+)-4, (30 mg, 30%), 
[alo = + 6 1 (c 1.0, CHCI3) 99% ee and ( - ) - 5 as a 
solid (15 nig, 15%), MD = - 5 5 (c 1.2, C H C l , ) 99% ee. 
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